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Entomology in the Army! 
W. D. Reep,? R. W. Buny,? and F. S. BLanton® 


The entomological problems of the 
Army were given slight consideration 
during World War I. In overseas areas 
where the Army was in action malaria 
was not a serious threat, and compar- 
atively little thought was given to mos- 
quito control. Troops engaged in trench 
warfare often became infested with lice 
despite control measures then available, 
but typhus fever did not develop in our 
troops. In this country some mosquito 
control was practiced in and around 
southern camps, and about 3 million 
dollars was spent for this purpose in 1918 
and 1919. Control efforts were not com- 


pletely successful since 9617 cases of. 


malaria were reported among troops in 
the United States, with a total of 115,181 
days lost from training. Control of ob- 
noxious and destructive insects received 
but scant attention. 

Recognizing the need for entomological 
service, the War Department provided 
for commissioning entomologists as Sani- 
tary Corps officers, Organized Reserve 
Corps, following World War I. These re- 
serve officers were ordered to active duty 
in 1941 and were assigned to military 
installations in the South where malaria 
was a potential hazard to troops under- 
going training. They served as the nucleus 
from which developed the entomological 
services of World War II. 

After the United States entered the 
war, additional entomologists were re- 
cruited for the Sanitary Corps, and a total 
of about 250 were eventually obtained 
from various civilian sources. More than 
80 per cent of these were assigned to over- 
seas theatres and served with distinction 
in the Pacific, Europe, China, Burma, 
India, the Mediterranean region, and in 
fact, wherever insect problems confronted 
the Army. 

At the outbreak of World War II, ento- 


1 Richmond Program Paper. 1 : 
2Insect and Rodent Control Section, Office of the Chief of 


Engineers. 
3 Major, Pharmacy Corps, Office of the Surgeon General. 


mological service was provided by ento- 
mologists and sanitary engineers of the 
Medical Department, and major emphasis 
was placed on the control of disease- 
bearing insects. In this country a malaria 
control program was established which 
succeeded in holding the malaria rate to 
1.8 per thousand per year in 1941 and 
further reduced the rate each succeeding 
year to a low of 0.1 in 1945. 





Fie. 1.—Malaria control detachment applying DDT 
dust with rotary hand dusters for control of mos- 
quitoes in marshy area. Italy, 1945 


In 1942 the War Department General 
Staff defined responsibility for the various 
phases of insect and rodent control essen- 
tially as follows: Corps of Engineers, 
supervision and execution of control 
measures; Medical Department, recom- 
mendations, advice, and necessary tech- 
nical supervision; Quartermaster Corps, 
procurement, storage and supply of gen- 
eral issue insecticides, rodenticides, and 
equipment. The supply function of the 
Quartermaster Corps was discharged by 
the regular supply organization; Sanitary 
Corps entomologists and sanitary engi- 
neers carried on the duties of the Medical 
Department and an Insect and Rodent 
Control Section was established in the 
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Office of the Chief of Engineers to meet 
the responsibility of that Corps in the 
United States. Entomologists, predomi- 
nantly civilians, were employed at Head- 
quarters of Service Commands to super- 
vise the work of the Corps of Engineers 
and to train supervisors, foremen, and 
operators at posts, camps and stations. 
Under this system in the Zone of the In- 
terior control measures were undertaken 
for pests that affect the health, morale 
and efficiency of personnel and that dam- 
age or destroy supplies and equipment. 
The work included the control of such 
pests as mosquitoes, flies, cockroaches, 
bedbugs, ticks, mites, fleas, ants, termites, 
Lyctus beetles and other wood-destroying 
insects, pests of trees and shrubs, insects 
attacking flour and other items of sub- 
sistence, rats, mice, and field rodents. 
Sanitary Corps entomologists were as- 





Fie. 2.—Spraying river with DDT solution from 
amphibian jeep for control of mosquitoes in India. 


signed to the various Service Command 
Headquarters, the larger posts, and to 
medical laboratories, and conducted in- 
vestigations, furnished technical assist- 
ance, and provided laboratory service. 
The cooperative efforts of the Medical- 
Engineer team produced effective and 
efficient control and reduced losses from 
insects and rodents to a minimum, 

In overseas theatres responsibility for 
insect and rodent control operations re- 
mained with the Medical Department for 
the duration of the war. Entomologists of 
the Sanitary Corps were assigned to head- 
quarters of major commands, general 
laboratories and to other positions where 
they could, provide useful service. Ma- 
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laria Control Detachments and Malaria 
Survey Detachments were organized to 
provide in small units the personnel and 
equipment needed to investigate malaria 
vectors and to plan and supervise control 
programs. Control detachments consisted 
of an officer, usually a sanitary engineer, 
and 11 enlisted men, mostly trained tech- 
nicians. Survey detachments were com- 
posed of two officers, an entomologist and 
a parasitologist, and 11 enlisted men, 
mostly technicians. These units served in 
all parts of the world with marked success, 
both in actual control werk accomplished 
and in contributing to malaria discipline 
and education (Figs. 1 and 2). Malaria 
rates in overseas theatres reached a peak 
in June, 1943, but dropped thereafter in 
the face of continued operations in highly 
malarious areas with constantly increasing 
numbers of troops. In most theatres the 
decline in malaria rates coincided closely 
with the building up of the malaria con- 
trol organization. 

With the end of the war, the rapid de- 
mobilization of the Army, and its reor- 
ganization, certain changes have been 
made in the entomological services of the 
Army. The Medical Department has pro- 
vided for the commissioning of entomo- 
mologists in the Regular Army. At the 





Fie. 3.—Disc harrowing to eliminate mosquito 
breeding in checked soil. Wood cleats attached to 
tractor tread to permit operations on unstable svil. 


present time applications for these posi- 
tions are being received by the Adjutant 
General, and any entomologist who has 
served in the Army and is interested in a 
career as an Army entomologist should 
apply before December 31, 1946. Those 
accepted will be integrated as Pharmacy 
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Corps officers as an interim measure, and 
will be assigned to major headquarters, 
laboratories and overseas commands to 
provide the service for which the Medical 
Department is responsible. Civilian ento- 
mologists are employed under Civil 
Service regulations by the Chief of Engi- 
neers, the Engineers for Repairs and Utili- 
ties at the headquarters of the six Army 
Areas, and at the major Army Air Forces 
commands. In addition, expansion to in- 
clude permanent overseas bases is now in 
progress, and control operations in these 
areas are being taken over by the Corps of 
Engineers as demobilization of the Medi- 
cal Department’s control units proceeds. 
A limited number of malaria control and 
malaria survey detachments will be main- 
tained in an active status by the Medical 
Department in the post war period, to 
provide a trained nucleus for expansion 
should the need again arise. These detach- 
ments will probably be reorganized on the 
basis of war experience to provide more 
effective service for Army units in the 
field. 

The following resume of entomological 
activity in the Army in the United States 
in 1946 indicates the variety of problems 
encountered. 

Mosaquitors.—Control of mosquitoes 
continues to be a major Army problem. 
The anopheline mosquitoes are of course 
given primary consideration, but it has 
also been necessary to control pest mos- 
quitoes in those instances where they 
have become so abundant as to affect the 
morale and efficiency of personnel. Con- 
trol operations against larvae include the 
customary measures such as draining, fill- 
ing, and larviciding. Dise harrowing has 
also been used where mosquito breeding 
has been found in checked soil (Fig. 3). 
DDTin diesel oil is the larvicide generally 
used, and application is customarily 
made with the cylindrical 3-gallon com- 
pressed air sprayer developed by the 
Corps of Engineers. Treatment of screens 
with DDT and residual spraying of build- 
ing interiors is practiced to control adult 
mosquitoes. Airplane spraying for mos- 
quito control in the United States has 
been conducted in 1946 by Squadron D, 
313th AAF Base Unit, Tactical Air Com- 
mand. Personnel of the squadron included 
pilots, entomologists, mechanics and other 
operating personnel. Equipment consisted 
of three C-47 aircraft each equipped with 


REED ET AL.: ENTOMOLOGY IN THE ARMY 


291 


a 675-gallon tank and gravity flow system 
leading to a vertical streamlined discharge 
pipe. An electrically controlled discharge 
valve operated from the pilot’s compart- 
ment was provided for releasing the spray. 
Spray solution used was 20 per cent DDT 
in fuel oil plus 28 per cent auxiliary sol- 
vent (Vesicol NR 70 or Culicide B). Spray 
missions were accomplished at 10 Army 
installations, and a total of 89,224 acres 
was covered with an average dosage of 
0.235 pound of DDT per acre. Costs 
averaged 44 cents per acre. Observations 
indicate an immediate average reduction 
of adult mosquitoes of approximately 90 
per cent was obtained. Duration of effec- 
tiveness was from 2 to 3 weeks. 





Fic. 4.—Sheepskin lining of full-rigged packer’s 
saddle severely damaged by clothes moths. 


F.i1es.—Control efforts for house flies 
were directed at elimination of breeding 
areas and treatment of screens, outdoor 
resting places, kitchens and mess _ halls 
with a residual application of DDT. 

CockroacuEs.—Infestations of cock- 
roaches in mess halls are a common prob- 
lem at military installations. DDT is the 
insecticide used for control, usually as a 
residual spray, but sometimes the spray 
is augmented by DDT dust. Reports have 
been received that poor results were ob- 
tained with DDT for cockroach control. 
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However, in all cases investigated, it has 
been found that faulty application tech- 
nique has been largely responsible for poor 
results, and when corrected, satisfactory 
control has resulted. 

Brpsuas.—Since the advent of DDT, 
bedbugs have ceased to be a problem on 
Army posts. Thorough treatment of bar- 
racks with DDT gives complete kills, and 
barracks remain free of infestation for a 
period of a year or more. 

SuBsISTeENcCE Insects.—Flour, rice 
coffe, macaroni, and other items of sub- 
sistence in storage in Army depots are 
sometimes found infested with various 
flour moths and beetles. A problem of this 
type encountered during the past summer 
was an infestation discovered in about 20 
million pounds of rice at a large general 
depot. Since the warehouse was of modern 
tight construction, it was sealed and fumi- 
gated with hydrocyanic acid gas with a 
dosage of 0.72 pound per 100 cubic feet, 
and a 48 hour exposure. Excellent results 
were obtained. In another instance several 
hundred thousand pounds of flour re- 
quired fumigation. This was accomplished 
with methyl bromide in tight boxcars. 
After fumigation the flour was re-bolted 
and re-sacked. Permanent fumigation 
facilities are not available at the large 
Army general depots and Quartermaster 
depots at present. However, steps are 
now being taken to install vacuum fumi- 
gation chambers at the principal Army 
depots in order that a safe, rapid and ef- 
fective control method will be available 
to combat insect infestations in subsist- 
ence items. Atmospheric fumigation 
chambers installed at many depots pro- 
vide a means of treatment for small lots 
of infested materials. 

Ciotues Morus.—Large quantities of 
woolen goods are in storage in various 
Army depots. Infestations of clothes 
moths have been detected in a few in- 
stances, and protection of this material 
from damage while in storage is a major 
problem. An idea of the magnitude of the 
problem can be obtained from data for 
one depot where rolls of woolen uniform 
cloth approximately 5 feet in length and 
12 to 16 inches in diameter are stored. 
There are at present 10 to 12 warehouse 
bays filled with this material, each bay 
containing about 30,000 rolls. Protection 
in the past has been achieved through the 
liberal use of naphthalene applied when 
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stacking. However, the naphthalene is 
lost through sublimation, and must be 
replaced every 6 to 12 months. This was 
formerly done by tearing down the stacks 
and adding naphthalene while restacking. 
This process naturally resulted in a high 
labor cost. The entomologist in this Army 
area, working with storage officers of the 
depot, has developed a method of blowing 
the naphthalene into the interstices be- 
tween the folls with an air stream from a 
vacuum cleaner, with a resultant saving 
in the labor cost of about 90 per cent. 

Clothes moths have also been found 
damaging the sheepskin linings of packers’ 
saddles (Fig. 4), saddle blankets, and mo- 
hair saddle girths, necessitating fumiga- 
tion to destroy the infestation. 





Fic. 5.—Dipping hardwood storage pallets into 
pentachlorophenol solution for control of Lyctus 
beetles. 


Lyctus BretLes.—Lyctus beetles have 
been a problem in hardwood tool handles 
and in pallets used for stacking supplies 
in storage depots. At one depot the prob- 
lem was solved by setting up a large tank 
or dipping vat containing 5 per cent penta- 
chlorophenol. A framework or cage was 
devised for holding a number of the pal- 
lets and a crane was used to raise the cage, 
dip the pallets into the solution and then 
place them on a drainage rack. As pallets 
are freed during the course of operations, 
they are treated and marked before re- 
turning them for further use (Fig. 5.) 

‘TeRMITES.—Subterranean termites 
cause considerable damage to Army build- 
ings in the eastern and southern parts of 
the United States. At a number of posts, 
it has been necessary to establish control 
programs involving the use of soil poisons 
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such as pentachlorophenol, orthodichloro- 
benzene and DDT, and the correction of 
structural practices that favor termite 
infestation. 

The need for entomological research is 


recognized by the Army. Many of the. 


developments in insect control of the past 
few years were facilitated through the 
backing of the War Department. At the 
present time research is continuing on a 
number of projects in which the Army has 
primary interest. This work is sponsored 
by various agencies of the War Depart- 
ment including the Medical Department, 
the Corps of Engineers, the Quartermaster 
Corps and the Chemical Corps. Research 
is accomplished either by the research 
and development divisions of the various 
services, or by agreements with other gov- 
ernmental agencies or universities, fre- 
quently aided by a transfer of funds. 
Teaching Army personnel of all ranks 
something of the importance of insects, 
particularly in relation to disease trans- 
mission is a matter claiming the attention 
of entomologists of the Army Medical 
Department. The individual soldier must 
be aware of the danger resulting from the 
bite of a mosquito, a mite, or a flea, and 
know what he can do to avoid it. Line 
officers from second lieutenant to general 
must also be aware of the fact that fre- 
quently more soldiers are removed from 
combat by insects than by enemy bullets. 
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To prevent such losses, insect control 
must be given suitable emphasis and pri- 
ority, provision must be made for skilled 
entomological personnel empowered to 
operate wherever and whenever the need 
arises, and supplies and equipment must 
be available when and where needed. To 
the commander operating in a highly 
malarious area, DDT may be as important 
as gasoline or ammunition. Entomologists 
providing this instruction for Army per- 
sonnel are performing a valuable service, 
and the degree of success they achieve in 
impressing Army personnel with the mili- 
tary importance of insects will greatly 
influence the future of insect control 
operations in the Army. 

Entomology has won deserved recogni- 
tion in the Army. The substantial nature 
of that recognition is evidenced by the 
provisions for commissioning entomolo- 
gists in the Regular Army and for hiring 
civilian entomologists under civil service 
regulations te provide insect and rodent 
control service. These entomologists are 
working together to reduce the incidence 
of insect-borne disease to a minimum, to 
control those insects adversely affecting 
efficiency and morale of Army personnel, 
and to prevent insect damage to Army 
supplies, equipment and property. Judg- 
ing from the success they have achieved 
to date, entomology is in the Army to 
stay.—1-15-47. 





Effects of Temperature and Humidity on Larval and 
Pupal Stages of the Common Cattle Grub 


Rosert E. Prapt,! University of Wyoming Experiment Station, Laramie 


Both the common cattle grub and the 
heel fly Hypoderma lineatum (De Villers) 
and Hypoderma bovis (Degeer), are major 
pests of cattle in Wyoming. Damage 
is caused by both larvae and adults. 
The larvae cause irritation and in- 
flammation when they penetrate the 
skin, migrate through the animal, and 
form cysts in the back. They also cause 
much damage to leather because of their 
habit of cutting holes through the skin 

1 I wish to acknowledge my indebtedness to Dr. A. C. Hodscn, 
Division of Eanpncie ry and Economic Zoology, University of 
Minnesota, and to Dr. L. F. Clarke, Zoology Department 
University of Veculee, for critically reading the manuscript 
and making valuable suggestions; to Dr. B. T. Snipes, State 
Entomologist and to Mr. Roy S. Cooper, Deputy State En- 
tomologist of Wyomin for pointing out the need for this study, 


and to Miss Eileen Clark assistance in obtaining seasonal 
history data. 


of the back. The flies interfere with 
normal grazing and limit weight gains and 
milk production by chasing and frighten- 
ing cattle. 

The heavy loss to the cattle industry 
has been realized for a long time but only 
recently has the control of cattle grubs 
been attempted to any great extent. Only 
a few thousand head of cattle were treated 
for grubs in 1941 and 1942 in Wyoming. 
However, in succeeding years, a good 
proportion of the million cattle in the 
state has been treated. In 1943, 69,000 
animals were treated; in 1944, 140,891; in 
1945, 225,295; and in 1946, approximately 
252,100. 

The life cycle of both species of cattle 
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grub is quite similar except that Hypo- 
derma lineatum appears about a month 
sooner in all stages than does H. bovis and 
consequently is exposed at certain periods 
to more severe cold temperatures. The life 
cycle of H. lineatum, together with the 
seasonal cycle at Laramie, is given here. 

Flies emerge in May and live for only a 
short time. During this brief period the 
females lay eggs on the hairs of the legs 
and other lower parts of cattle. The eggs 
hatch in 3 to 6 days and the young larvae 
bore through the skin. The minute larvae 
migrate within the host and finally, 8 to 9 
months later, usually some time in Feb- 
ruary, reach the back. When a young 
larva reaches the back of an animal it 
perforates the skin to the outside and 
forms a cyst in which it molts twice and 
becomes fully grown in about 40 days. 
The fully developed larvae crawl through 
the holes in the back and drop to the 
ground in March and April. The free 
larvae come to rest in the dead grass and 
other debris on the ground surface, or in 
small pits that they themselves form in the 
ground. After 1 to 4 days, the larvae enter 
the pupal stage which lasts about 40 to 50 
days. Flies emerge from the puparia in 
May and continue the propagation of the 
species. 

Low temperature has been suspected as 
being a lethal factor in the life of Hypo- 
derma lineatum, since grubs dropping from 
the backs of animals in March at Laramie 
and in February at lower altitudes in the 
state and adjoining areas are often sub- 
jected to extremely cold and inclement 
weather. For this reason, many stockmen 
and pest control operators have felt that 
the early dropping grubs might be disre- 
regarded in control of the species. This 
paper has attempted to answer the ques- 
tion: What effect has cold temperature on 
cattle grubs? The practical importance of 
knowing whether the early dropping grubs 
survive or not is evident. From one to 
three treatments with a rotenone spray or 
dust are given to cattle in the control of 
the grubs. Much time and money would 
be saved if the first treatment could be 
postponed and one of the other treatments 
eliminated. On the other hand if, in post- 
poning the first treatment, a large number 
of grubs are left uncontrolled, the program 
would reasonably be only partially suc- 
cessful. 

Several papers on the temperature and 
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humidity relationships of Hypoderma 
lineatum have been published. Bishopp 
et al. (1926), in their work on the biology 
of cattle grubs, write that mature larvae 
and pupae cafi withstand rather low tem- 
peratures. The pupae appear to be more 
resistant to cold than the larvae. These 
workers found that a “good percentage of 
adults” emerged from pupae under obser- 
vation when a minimum of —15.8° C. was 
reached. They also report a 55-per cent 
emergence from larvae and pupae exposed 
to —12.5° C. and a 68 per cent emergence 
from specimens exposed to —7.2 °C. Salt 
(1944) determined the undercooling points 
of larvae and pupae and found the means 
to be —23.4° C. and —23.6° C. respec- 
tively. Hadwen (1915) kept 13 pupae of 
H. lineatum in an incubator with inter- 
mittent heat up to 32° C. and ‘recorded 
pupal periods of from 138 to 19 days. 
Bruce (1938) investigated the influence of 
moisture upon the development of pupae 
of H. lineatum and H. bovis into flies. He 
found that no flies of H. lineatum emerged 
from pupae which were buried one-fourth 
inch in soil holding 10 per cent or more of 
water. All pupae which were buried in soil 
with less than 5 per cent moisture de- 
veloped into flies. Three flies emerged 
from the same number of pupae retained 
on a screen platform one-fourth inch 
above water. Snipes & Cooper (1942) 
have summarized the biology of cattle 
grubs in Wyoming. 

The present paper has included the fol- 
lowing studies on Hypoderma lineatum: 

1. Development and survival of free 
larvae and pupae caged on native 
range vegetation. 

. Effects of low temperatures at vari- 
ous exposure times on the free larvae. 

. Development of free larvae and 
pupae at various constant tempera- 
tures. 

. Development of free larvae and 
pupae at various constant humidi- 
ties. 

EXPERIMENTAL PROCEDURES.—Larvae 
of Hypoderma lineatum were obtained for 
experimental use by placing cotton duck 
coats around infested dairy cows. The 
larvae on maturing crawled from the cysts 
in the backs and fell to the bottom of the 
coats. The grubs were gathered three 
times daily and were used immediately 
after each collection. 

In the field tests at Laramie and at 
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Cheyenne, larvae were placed on native 
vegetation throughout the grub dropping 
season. A small screen ¢age was set over 
each grub as it was placed in the field. The 
cages were made of eighth-inch hardware 
cloth. The cages were 4 inches high and 3 
inches in diameter. Maximum and mini- 
mum thermometers were laid on the 
ground surface near the cages and were 
read each morning and evening. 

In the extreme low temperature experi- 
ments, larvae were retained individually 
for 2 hours at 15° C, after each collection 
in 1 by 6inch pyrex test tubes which were 
stoppered about midway with a cotton 
plug. Before being half immersed in an 
alcohol bath for the tests, the tubes were 
tightly stoppered with rubber stoppers. 
The alcohol baths were maintained at 
temperatures of —5°, — 10°, —15°, —20°, 
and —25° C. within +0.3° C. The tubes 
with the grubs were left at these low tem- 
peratures for periods of 1, 4, or 8 hours. 
After exposure the larvae were observed 
and again placed at 15° C. and kept under 
observation until survival or death could 
be ascertained. 

For studies on the effects of constant 
temperatures and humidities, larvae were 
confined individually in small bottles 
which were covered with wire screen. The 
bottles were placed in Scheibler desiccators 
having an inside diameter of 150 mm. 
Constant humidities were obtained by 
using the methods of Ludwig & Anderson 
(1942) as follows: for 0 per cent humidity, 
calcium chloride; for 32 per cent, a con- 
centrated magnesium chloride solution; 
for 56 per cent, a concentrated sodium 
bromide solution; for 76 per cent, a con- 
centrated sodium chloride solution; and 
for 100 per cent, distilled water. The desic- 
cators containing the larvae were placed 
in temperature cabinets maintained at 
15°, 26°, 25°, and 30° C. within +0.3° C. 

DEVELOPMENT OF Hypoderma lineatum 
on NaTIvE Rance.—Larvae were placed 
on native range vegetation at Laramie 
and Cheyenne to observe development of 
Hypoderma lineatum under field condi- 
tions. In 1945, 24 larvae and pupae were 
set out at Cheyenne and 44 larvae at 
Laramie; in 1946, 44 larvae were set out at 
Laramie. The larvae were placed in the 
field during the normal dropping period at 
Cheyenne; however, at Laramie they 
were placed in the field as long as 18 days 
previous to the normal dropping period as 
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well as during this period. The mature 
larvae were obtained early for planting at 
Laramie by bringing infested cows to this 
city from Virginia Dale, Colorado, where 
the season is 2 to 3 weeks advanced. The 
specimens at Cheyenne were set out from 
March 3 to March 31, 1945; and the speci- 
mens at Laramie from March 1 to April 
16, 1945, and from February 25 to May 
12, 1946. 

For comparative purposes, the seasonal 
histories of the larval stage in the backs of 
cattle were observed in the two areas. Ob- 
servations showed that the grubs dropped 
earlier at Cheyenne than at Laramie. At 
Cheyenne in 1945, grubs of Hypoderma 
lineatum first appeared in the backs of 
cattle January 10 and began to drop 
around February 24. The last grubs re- 
maining 1n the backs of cattle at Cheyenne 
were found April 30. At Laramie, grubs 
first appeared in the backs of cattle Feb- 
ruary 2, 1944, and February 6, 1946. 
Grubs began to drop at Laramie around 
March 17, 1944, March 22, 1945, and 
March 14, 1946. The dates of the last 
grubs present in the backs were May 6, 
April 19, and May 12 for the years 1944, 
1945, and 1946, respectively. 


Table 1.—Emergence of flies from pupae of 
Hypoderma lineatum held under field conditions 
at Laramie, Wyoming. 








MINIMUM Per 
GROUND CENT 
TEMPERA- Emer- 
TURE TO Firs GENCE 

Warcn Larvae Emenrc- OF 
Exposep PLANTED ING Fires 


—138° C, 15 12 80 


—11° C, 22 
— 8°C, 7 


Date or PLANTING 





March 1 to 5, 1945 

March 11 to April 2, 
1945 

April 8 to 16, 1945 

Feb. 24 to March 2, 
1946 


March 14 to 19, 1946 
March 29 to 31, 1946 
April 10, 1946 


May 4to 12,196 — 4°C. 





The results of planting grubs in the two 
areas demonstrated that survival of the 
free larvae and pupae in nature is re- 
markably high. At Cheyenne 23 flies de- 
veloped from 24 larvae and pupae set out. 
At Laramie 40 flies developed from 44 
larvae set out in 1945 and 42 flies de- 
veloped from 44 larvae set out in 1946. 
The data for Laramie are shown in table 
1. The 27 larvae planted from March 14 
to April 10, 1946 were collected from one 
Holstein cow which had an infestation of 
approximately 100 grubs. The first 15 
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grubs to drop from the cow were planted 
between March 14 and 19; the fifty-third 
to the sixtieth grubs to drop were planted 
between March 29 and 31; and the eighty- 
fourth to the eighty-seventh grubs to drop 
were planted on April 10. 

All of the above data indicate a high 
survival of larvae and pupae in nature. 
Even when larvae were placed in the field 
up to 18 days in advance of the normal 
dropping season, survival was high. The 
minimum ground temperature to which 
any larvae were exposed during 2 seasons 
of planting at Laramie was —13° C. On 
exposure to this temperature, 80 per cent 
of the specimens survived and produced 
flies. Deaton & Frost (1941) have recorded 
no ground temperature lower than 
—13° C. after February 1 for Laramie 
during 3 years of study, 1937, 1938, and 
1939. Evidently, little mortality of grubs 
occurs because of cold weather. 

To know the cause of death of the four 
grubs which died in 1945 and of the two 
which died in 1946 would be of value in 
solving the problem of survival of cattle 
grubs at low temperatures under natural 
conditions. Although definite information 
is lacking, the following diagnosis suggests 
that low temperature was responsible for 
some of the deaths. Three of the larvae 
which died in 1945 were placed in the field 
when the ground was covered by a light 
snow. For the four following days mini- 
mum ground temperatures of —11°, 
—13°, —11°, and —10° C., respectively, 
were recorded. Since no pupation of the 
larvae occurred the indications are that 
death took place early, very likely during 
the time of the low minimum tempera- 
tures, as pupation of larvae has been 
found to take place usually within 1 to 3 
days after dropping. Furthermore, in the 
low temperature tests to be described 
later, some larvae were frozen and killed 
on exposure to —10° C. Nine other larvae 
which were placed in the field at the same 
time and under the same conditions pro- 
duced flies. This represents a survival rate 
of 75 per cent. In the laboratory tests, 
seven out of nine, or 78 per cent survived 
an exposure to —10° C. for 8 hours. The 
death of the fourth grub in 1945 is more 
difficult to analyze. The larva was placed 
in the field on March 11 and was exposed 
to a minimum ground temperature of 
—4.5° C. during the four succeeding days. 
The larva formed a puparium but on ex- 
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amination only a fatty mass was found 
within. The specimen died early but the 
cause was not evident. 

In 1946 two of the larvae set out in the 
field died before reaching the adult stage. 
The two grubs were subjected to a mini- 
mum ground temperature of —5° C. 
Pupation occurred and two dead but well 
formed female flies were found within the 
puparia. Death obviously occurred late in 
the pupal stage and was probably caused 
by some factor other. than low tempera- 
ture. Later it will be shown that a number 
of pupae reared at constant temperatures 
of 20° and 25° C. reached the same stage 
of development. 

The conditions of the ground at the 
time of setting the larvae out are note- 
worthy. In 1945 five larvae were placed on 
the surface of dry ground, 21 larvae on the 
surface of wet ground, and 11 larvae on 
snow. The numbers of flies to emerge from 
the three groups were 5 out of 5 larvae 
placed on dry ground, 20 out of 21 larvae 
placed on wet ground, and 8 out of 11 
larvae placed on snow. In 1946, 22 larvae 
were set out on dry ground, 13 on wet 
ground, and 10 on snow. The numbers of 
flies that emerged were 22 flies from 22 
larvae placed on dry ground, 12 flies from 
13 larvae placed on wet ground, and 9 flies 
from 10 larvae placed on snow. Some of 
the larvae listed as being set out on wet 
ground were placed in the field during a 
drizzle which later turned to snow. The 
snow eventually covered them with a 
blanket a foot deep. The larvae listed on 
snow were either placed lightly on the 
surface or dropped from a height of ap- 
proximately four feet to simulate the 
dropping from a cow. However, in either 
case, the larvae came to lie in snow 
pockets beneath the snow surface. Sur- 
vival of larvae in snow, as previously 
noted, was high. 

The time after dropping which is re- 
quired by a larva to change to the charac- 
teristic form of the puparium was ob- 
served. In 1946, at Laramie, 25 larvae 
that dropped between March 16 and 
April 10 were watched closely. The time 
for transformation varied from 6 hours to 
7 days and averaged 2.3 days. Three 
larvae changed to the pupal form the same 
day on which they had dropped from the 
cow; nine larvae completed metamorpho- 
sis the following day. In comparison, 
Bishopp et al. (1926) found that the 
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change to the typical form of the pu- 
parium occurred within 1 to.12 days and 
averaged 3.4 days. As one would expect, 
the rate of transformation showed a posi- 
tive correlation with temperature. The 
mean daily ground temperature (mean of 
four average daily ground temperatures) 
at which seven larvae completed meta- 
morphosis in 8 days was 3.8° C., whereas 
the mean daily ground temperature 
(mean of 2 average daily ground tempera- 
tures) at which nine larvae completed 
metamorphosis in 1 day was 12° C. The 
range of mean daily ground temperatures 
at which larvae transformed in 3 days was 
2.9° to 5.1° C. and the range at which 
larvae transformed in 1 day was 10.8° to 
12.9° C, 

Information on the length of the period 
from the dropping of the grub to the 
emergence of the fly was obtained. Most 
of this period is occupied by the pupal 
stage but a short time is consumed by the 
free larval stage as was noted above. The 
period referred to in this paper as the 
pupal period includes the short free larval 
stage as well as the pupal stage. 

At Laramie, in 1945, the pupal periods 
of 40 specimens ranged from 39 to 80 days 
and averaged 64 days; in 1946 the pupal 
periods of 39 specimens ranged from 34 to 
80 days and averaged 53 days. These data 
include information on larvae which were 
placed in the field previous to the normal 
dropping period. Excluding the latter 
data, the pupal periods of 14 larvae 
placed in the field from March 28 to 
April 16, 1945 ranged from 39 to 57 days 
and averaged 48 days. In 1946 the pupal 
periods of 25 larvae placed in the field 
from March 14 to May 12 ranged from 
34 to 60 days and averaged 46 days. 

The pupal periods of specimens planted 
early in the season were longer than those 
planted late in the season. For example, 
the first 14 specimens planted in 1945 had 
an average pupal period of 74 days, while 
the last 14 had an average pupal period of 
48 days. In 1946 the first 14 specimens 
planted had an average pupal period of 67 
days, while the last 14 had an average 
pupal period of 42 days. The result of 
these differences in developmental rate is 
that the period of adult emergence is short 
in comparison with the period of the 
dropping of the grubs. 

Information on the pupal period has 
been reported by Bishopp e¢ al. (1926) for 
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Texas and New York, by Hearle (1932) 
for Canada, and by Bruce (1938) for 
North Dakota. The average length of the 
period at Dallas, Texas, and in Canada 
was 42 days. The similarity of the mean 
length of the pupal period at decidedly 
different latitudes is not confirmed exactly 
by this study, but the close correspand- 
ence of all these data is no doubt due to 
the fact that the larvae drop earlier in the 
year in southern latitudes and later in 
northern. 

The position of the pupa on the ground 
was recorded for 43 specimens that were 
placed in the field in 1946. Ten pupae 
rested on the surface of the ground w:th- 
out protection and ten rested in the same 
position but were afforded protection by 
vegetation. Twenty-three pupae were in 
shallow pits but had their dorsal surfaces 
exposed. Twelve of these were surrounded 
by vegetation, 11 were not. Survival was 
high among pupae in all positions de- 
scribed above. 

Emergence of flies extended over a 
longer period in 1946 than in 1945. In 1945 
emergence of flies at Laramie occurred 
from May 14 to May 25, while in 1946 
emergence of flies occurred from April 30 
to June 15. To some extent the increased 
spread of «1. ergence dates in 1946 was the 
result of placing larvae in the field over a 
longer period. As has been mentioned 
previously, larvae were placed in the field 
at Laramie from February 24 to May 12, 
1946, and from March 1 to April 16, 1945. 
Some of the differences in spread, how- 
ever, were probably due to differences in 
weather. In 1946 an unusually warm and 
dry April promoted development of the 
pupae which resulted in the emergence of 
some flies on April 30. May was colder and 
wetter than usual and no doubt extended 
the pupal period of larvae dropped during 
this month. The climatological data 
recorded for Laramie by the Weather 
Bureau were: April, 1946 mean tempera- 
ture, 46.4° F., (departure from the normal, 
+8.3°) precipitation 0.53 inches (depar- 
ture from the normal —0.76 inches) ; May, 
1946 mean temperature, 43.6° F. (de- 
parture from the normal, —3.9°), pre- 
cipitation, 3.30 inches (departure from the 
normal +1.86 inches). On the other hand, 
in 1945, April was colder than normal and 
May warmer and drier. The mean tem- 
perature for April was 31.8° F. (departure 
from the normal —6.4°) and for May 
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48.4° F. (departure from the normal 
+1.0°). These climatological conditions 
were apparently the cause of later emer- 
gence of flies in 1945. 

The length of life of adults under caged 
conditions in the field varied from 12 
hours to 11 days. In 1945 the average 
length of life of 33 individuals was 2.3 
days and in 1946, the average length of 
life of 29 individuals was 4.7 days. 

Exposure To Low 'TEMPERATURES.— 
A number of larvae of Hypoderma 
lineatum were exposed to different low 
temperatures ranging from —5° C. to 
—25° C. for 1-, 4-, or 8-hour periods. 
Table 2 shows the results of the tests. All 
larvae subjected to —25° C. died, while all 
subjected to —5° C. survived. Larvae sub- 
jected to intermediate temperatures, that 
is to temperatures of —10° C., —15° C., 
or —20° C., showed a progressive increase 
in mortality as the temperature was low- 
ered. For any of the given temperatures 
mortality was in general greatest among 
the larvae exposed for the longest time. 
None of the larvae which survived ex- 
posure to low temperatures were frozen 
by the treatments, but all which were 
frozen hard were killed. Some of the lar- 
vae which were not frozen by exposure to 
—20° C. were nevertheless killed. 


Table 2.—Survival and death of larvae of 
Hypoderma lineatum exposed to low tempera- 
tures. 

















Exposure TEMPERATURES 
Hours oF 
Exposure | —5°C. | —10° C.| —15° C.| —20° C.| —25° C. 
1—Survived _ 2 | Ss 5 | 0 
Killed _ 0 1 5 g 
4—Survived _ 2 | + 5 0 
Killed _ 0 | 3 5 1 
8—Survived 15 7 7 1 | 0 
Killed 0 2 3 Be obs 8 





Fourteen of the 15 larvae which were 
exposed in a dry state to —5° C. were 
afterwards seeded with 1 to 2 drops of 
water and again exposed to —5° C. Under 
these conditions 9 were frozen hard and 
killed, 5 remained soft and survived. 

The data indicate that the freezing 
point of the free larvae of Hypoderma 
lineatum is around —5° C. or higher, that 
is, somewhere between —5° C. and 0°. 
The fact that larvae could be frozen and 
killed at —5° C. when seeded with water 
is significant. Under certain field condi- 
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tions, such as rain followed by sudden 
drop in temperature or thawing of snow 
and subsequent freezing, the death of 
larvae could occur at temperatures not 
much below 0° C. However, larvae can 
usually withstand colder temperatures 
without freezing, as the survival of various 
numbers of individuals exposed to 
—10° C., —15° C., and — 20° C. has indi- 
cated. This is possible probably because of 
undercooling, a process which Salt (1936) 
has discussed in relation to the freezing of 
insects. In a recent paper the same author 
has given the range of undercooling points 
of dry larvae of H. lineatum as —19.8° to 
—24.7° C. and of wet larvae as —17.7° to 
—27.7° C. The assumption was then made 
that the undercooling range, —17.7° to 
—27.7° C., was the lethal temperature 
range for dropped larvae. Since we have 
frozen and killed 2 out of 9 larvae on sub- 
jecting them to —10° C. for 8 hours and 
9 out of 14 larvae on subjecting them in a 
wet condition to —5° C. for 8 hours and 
less, lethal temperatures evidently range 
much higher than —17.7° C. Results such 
as these demonstrate the necessity of 
studying the time of action of cold tem- 
perature as well as the external tempera- 
ture or surface temperature to which the 
insect is momentarily subjected. 

Without going into the theories of death 
by cold temperature, which subject has 
been thoroughly reviewed by Luyet & 
Gehenio (1940), we should note again that 
the death of larvae of Hypoderma lineatum 
occurred with and without the internal 
formation of ice. Our data show that death 
always attencs the freezing of a larva. 
Death is not due here to the attainment 
of a minimal temperature, since larvae 
which could be frozen by inoculation with 
a drop of water were killed at —5° C. 
while other larvae which remained un- 
frozen withstood temperatures of — 10°, 
—15°, and some —20° C. A few larvae 
which were exposed to — 20° C. were killed 
without formation of ice. Three out of five 
were killed in this way on exposure for 4 
hours and two out of three on exposure for 
8 hours. Death of larvae of H. lineatum 
thus sometimes occurs when they are in 
the subcooled state. Even though the 
number dying in this state was small, the 
fact that some died indicates that the 
undercooling point is not an absolute cri- 
terion of cold tolerance for H. lineatum. 
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DEVELOPMENT OF PupPAE AT CONSTANT 
TEMPERATURES.—The length of the pupal 
period and the survival rate of Hypoderma 
lineatum held at constant temperatures 
were determined. Table 3 shows the length 
of the pupal period and table 4 the sur- 
vival rate. Constant temperatures of 15°, 
26°, 25°, and 30° C. were employed along 
with a relative humidity of 76 per cent. 
This degree of humidity is a favorable one 
for the development of H. lineatum pupae 
as will be shown later. The mean length of 
the pupal period of specimens retained at 
15° C. was 43.8 days, at 20° C., 19.8 days, 
and at 25° C., 12 days. 

The survival of pupae was greatest at 
26° C. At this temperature, 81 per cent of 
the pupae produced flies. At 15° C. there 
was a 44 per cent emergence and at 25° C., 
a 33 per cent emergence. At 30° C. no flies 
emerged. Many puparia from which there 
was no emergence contained dead flies. 


Table 3.—Length of pupal period of Hypo- 
derma lineatum at 76 per cent relative humidity 
and at different constant te mperatures. 











MEAN 

LENGTH RANGE 

TempPER- NUMBER PupaL PupaL 
ATURE SPECI- PERIOD Prr1op— 

Toles MENS Days Days 
15 4 43.8 49 to 47 
20 21 19.8 17 to 22 

25 4 12.0 all 12 





Table 4.—Survival of pupae of Hypoderma 
lineatum at 76 per cent relative humidity and at 
diffe re nt constant temperatures. 











FLIEs PER 

TEMPER- Not CENT 
ATURE Fires Emerc- EMeER- 
°C. EmerRGED ING ToTAL GENCE 

15 4 5 9 44 

20 Q1 5 26 81 

25 4 8 12 33 

30 0 7 7 0 





Dead flies were found in 4 out of 5 puparia 
retained at 15° C.; 4 out of 5 retained at 
20° C.; 6 out of 6 retained at 25° C.; and 2 
out of 7 retained at 30° C. Most pupae 
evidently died late in the pupal stage, ex- 
cept those reared at 30° C. The high tem- 
perature of 30° C. probably killed the ma- 


jority of pupae before development pro-— 


gressed very far for only fatty masses were 
found within most of the puparia. Seven 
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larvae were placed at a constant tempera- 
ture of 30° C. and 0 per cent relative 
humidity. None of these produced a fly. 
Six transformed to the pupal stage but 
only fatty masses were found later within 
the puparia. One died in the free larval 
stage. 

DEVELOPMENT OF PuPAE AT CONSTANT 
Humipities.—The length of the pupal pe- 
riod and the survival rate of Hypoderma 
lineatum pupae held at five different rela- 
tive humidities and at temperatures of 20° 
and 25° C. were studied. Very little differ- 
ence was found in the length of the pupal 
period and in the survival rate of pupae 
reared at relative humidities ranging from 
0 to 76 per cent. At 100 per cent the pupal 
period was slightly lengthened and mor- 
tality of pupae was greatly increased. 
These data are shown in tables 5, 6, 7 
and 8. 

That mortality of pupae is great at high 
humidities has been previously shown by 
Bruce (1938) in his paper on soil moisture 
and its relation to the mortality of Hy- 
poderma pupae. 

Summary.—A study of the effects of 
temperature and relative humidity on the 
development of free larvae and pupae of 
Hypoderma lineatum (De Villers) was 
made under both field and controlled labo- 
ratory conditions. A high survival rate of 
pupae was found to obtain under field 
conditions, even when larvae were placed 
in the field up to 18 days before the nor- 
mal dropping period. 


Table 5.—Length of pupal period of Hypo- 
derma lineatum held at constant temperatures of 
20° and 25° C. and at different relative humid- 


ities. 














MEAN 
LENGTH 
NuMBER PupauL 
RELATIVE SPECI- PrErRIopD RANGE 
HumipIty MENS Days Days 
Temperature 20° C, 
0 16 20.1 18-22 
32 5 18.6 18-19 
56 2 18.5 18-19 
76 21 19.8 17-22 
100 5 21.4 20-22 
Temperature 25° C. 
0 4 11.5 11-12 
$2 4 11.5 11-12 
56 3 11.7 11-12 
76 4 12.0 12 
100 1 14.0 14 
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Table 6.—Survival of Hypoderma lineatum 
pupae held at constant temperatures, of 20° and 
25° C. and at different relative humidities. 








PER 
CENT 
EMeErR- 
GENCE 


ReEta- Fures 
TIVE Nor 
Houmip- Fires Emerc- 


ITY EMERGED ING Tora. 





Temperature 20° C, 

0 16 4 20 80 
32 5 3 8 63 
56 Q 1 3 67 
76 21 5 26 81 

100 5 9 14 36 





Temperature 25° C. 
0 + 9 13 31 
$2 8 12 33 
56 9 12 25 
76 8 12 33 
100 11 12 8 





Low temperature tests showed that 
some larvae survive a temperature of 
—20° C. but none survive a temperature 
of —25° C. A group of larvae was seeded 
with water and a high percentage of these 
were frozen and killed when subjected 
to —5° C, 

Pupae were reared at constant tempera- 
tures of 15°, 20°, 25°, and 30° C. The sur- 
vival rate of pupae reared at 15° C. was 
44 per cent; at 20° C., 81 per cent; at 
25° C., 33 per cent; and at 30° C., 0 per 
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cent. The length of the pupal period was 
43.8 days at 15° C., 19.8 days at 20° C., 
and 12.0 days at 25° C. ; 

Two groups of pupae were reared at 
constant relative humidities of 0, 32, 56, 
76 and 100 per cent, one group at a tem- 

rature of 20° C. and one at 25° C. Very 
little difference was found in the length 
of the pupal period and in the survival rate 
of pupae reared at relative humidities 
ranging from 0 to 76 per cent. At 100 per 
cent relative humidity the pupal period 
was slightly lengthened and mortality of 
pupae was greatly increased. 

The conclusion was reached that little 
aid in control of grubs can be expected in 
Wyoming from inclement weather dur- 
ing the dropping period. Although grubs 
which were seeded with water have been 
killed in the laboratory by temperatures 
as high as —5° C., the majority of larvae 
in a dry condition survived a temperature 
of —15° C. Ground temperatures have 
been shown not to fall below —13° C. 
after February 1 at Laramie for the 
several years in which data have been 
taken. The period beginning February 1 
and thereafter includes the dropping pe- 
riods at Cheyenne and Laramie and prob- 
ably at all other sections of Wyoming as 
well.—1-2-47. 
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DDT to Control the Guif Coast Tick 


C.S. Rupe, Bureau of Entomology and Plant Quarantine Agr. Res. Adm., U.S.D.A. 


The Gulf Coast tick, Amblyomma macu- 
latum Koch, is a serious enemy of live- 
stock in the region bordering the Gulf of 
Mexico. In general it does not become 
sufficiently abundant to be of economic 
importance in areas more than 100 miles 
inland. Specimens have been seen from all 
the Gulf Coast States, from Georgia and 
South Carolina, and from Mexico. The 
tick is also reported from Central and 
South America. It is a three-host tick 
(Hixson 1940). The immature stages are 
found on birds and small mammals, 
whereas the adults attack cattle, horses, 
sheep, goats, hogs, deer, and man. Gen- 
erally they attach to the outer ear, usually 
near the tip. At times they attach around 
the base of the horns and on the eyelids. 
Frequertly they are found under the back 
of the hump on Brahma bulls. On horses 
they often attach in the mane and foretop, 
where they produce troublesome sores. 

NaTuRE OF InjuRy.—When the ticks 
attach to the ears of livestock, they cause 
the ears to swell and exude a yellowish 
serum, which dries and forms a hard scab 
or crust. Often this scab is as much as a 
quarter-inch thick and the ticks are al- 
most totally encased in it. In severe cases 
the ears become greatly swollen and crack 
open. Such cases usually result in perma- 
nent malformation. However, by far the 
greatest loss is caused by the tick predis- 


posing animals to attack by the screw- 
worm fly, Cochliomyia americana C. & P. 
In some seasons 80 per cent of the screw- 
worm cases in regions where the Gulf 
Coast tick is abundant are the direct result 
of tick injury. Many animals die as the 
vesult of these injuries, but even greater 
loss is caused by reduction in weight and 
impairment of their condition and the ex- 
penditure of time required to look after 
and treat injured animals. In Texas the 
period of severe tick injury usually starts 
in July and continues till about mid- 
October. 

PasturE Mow1ne anv Tick ContrRo.. 
—There is a belief among certain ranch- 
men in the coastal area that systematic 
mowing of pastures to prevent rank 
growth of weeds and coarse grass aids in 
the control of the Gulf Coast tick. No de- 
tailed studies have been conducted along 
this line, but some observations were 
made that tend to bear out the belief. 

Several. pastures where a systematic 
program of mowing was in practice were 
observed during the period 1942 to 1945. 
The tick populations in these pastures 
were consistently low, whereas in adjoin- 
ing unmowed pastures they were high. A 
typical example is given by pastures A and 
B observed in 1944. The two pastures were 
similar in every respect except that pas- 
ture A had been systematically mowed for 


Table 1.—Results of tests with various preparations containing DDT for the control of Gulf Coast 


tick. 








TREATMENT 


Stock 
No. 


NUMBER 
Per cent of 
DDT CATTLE 





Examina- 


AVERAGE NUMBER OF TICKS PER Ear 





At 


Initial Weeks after Treatment 





tion 3 





1025 2 170 
1026 5 45 
None — 32 


592 
778 
None _ 40 


1036 5 


948 
1510 
822 
None —_ 25 


1037 5 


oor ma >_> > > Cr OG 
CObPP Ua Bee 





1 All cattle were given a second treatment. 


2 This examination was made 7 weeks after the initial treatment. 
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the past several years. The cattle in the 
two pastures were similar. On August 8 
the cattle in pasture A had an average of 
0.47 tick per ear as compared with 4.5 
ticks per ear on the cattle in pasture B. 
On September 20 the cattle in pasture A 
had an average of 0.17 tick per ear and 
those in pasture B had 5.1 ticks per ear. 
Although these observations are not con- 
clusive, they indicate that systematic 
mowing of pastures may play an impor- 
tant role in the control of the Gulf Coast 
tick. 

EXPERIMENTS WITH Livestock.—Ex- 
periments were conducted during the pe- 
riod 1942 to 1945, inclusive, to develop a 
remedy that would kill the Gulf Coast tick 
and give a satisfactory period of protec- 
tion from reinfestation. This work was 
made possible by the cooperation of a 
group of ranchmen in Jackson, Calhoun, 
and Matagorda Counties, Tex., who fur- 
nished their herds and ranch facilities for 
the tests. In 1942 only preliminary tests 
were conducted with various chemicals to 
determine their toxicity to the Gulf Coast 
tick. These tests failed to reveal any 
chemical with outstanding possibilities. 

Treatment of Cattle—From 1943 
through 1945 tests were made on cattle 
with various preparations containing 
DDT, and the results of these tests are 
shown in table 1. 

In 1943 stock 1025, a 2-per cent DDT 
mixture, gave a good reduction in the 
number of ticks present, but was not so 
effective as a 5-per cent DDT mixture des- 
ignated as stock 1026. These stocks were 
made by adding DDT to adhesive mix- 
tures composed of rosin, hydrogenated 
methyl abietate, dibutyl phthalate, and 
benzene. Difficulty was experienced with 
both stocks 1025 and 1026, as they ap- 
peared to be too thin, and consequently 
did not remain on the ears satisfactorily 
during the hot weather. In an attempt to 
overcome this difficulty stock 1036 was 
prepared. It contained 5 per cent of DDT, 
an increased amount of rosin and dibutyl 
phthalate, slightly less of the methyl 
abietate! and no benzene. This stock was 
tested in 1944 and found to be too thick 
for easy application. However, it gave 
good initial kill and a satisfactory period 
of protection from reinfestation. In 1945 
stock 1037, containing less rosin and more 
of the methyl] abietate! was prepared and 
tested. The consistency of this stock 
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proved to be satisfactory for conditions in 
southern Texas. 

The tests with stock 1036 demonstrated 
clearly the ability of the preparation to 
kill the ticks and to provide a satisfactory 
period of protection from reinfestation, 
but the tick population in 1944 was only 
medium heavy, and there was some doubt 
as to its effectiveness under more adverse 
conditions, 

In 1945 conditions were adverse from 
the start of tests. The ticks appeared 2 to 
3 weeks earlier than normal and the popu- 
lation was extremely heavy. A hurricane 
accompanied by 30 inches of rainfall oc- 
curred in the middle of the tick season. 
Stock 1037 gave good initial kill of ticks 
and provided 3 to 6 weeks protection from 
serious reinfestation. Only 33 cases of 
screwworms as a result of tick injury oc- 
curred in 3,280 head of cattle, whereas in 
25 head of check animals where no treat- 
ment was given there were 9 cases of 
screwworms. 

In another series of tests 8000 head of 
mixed cattle were treated by ranchmen 
using stock 1037. Although no tick counts 
were made, the ranchmen reported a good 
reduction in ticks on the animals and few 
cases of screwworms as a result of tick 
injury. 

Treatment of Sheep.—A flock of 73 sheep 
was treated with stock 1037. It was esti- 
mated that the sheep had an average of 8 
ticks per ear at the time of treatment. 
Four weeks after treatment ticks were 
found on only 4 of these sheep; 1 sheep 
had 5 ticks, and 3 had 1 tick each. 

Treatment of Horses.—Thirty-two 
horses were treated with stock 1036. At 
the time of treatment they had an average 
of 3.1 ticks per ear. Two weeks later they 
had an average of 0.5 tick per ear. Six 
check animals had an average of 3 ticks 
per ear at the time of the first examination 
and 5 ticks per ear 2 weeks later. In some 
cases this material caused the hair to shed 
from the ears and there was some indica- 
tion of skin injury. For this reason it ap- 
pears that stock 1036 is not suitable for 
use on horses. 

Meruop or Usine Stock 1037.—From 
the results of these experiments it appears 
that, when properly used, stock 1037 will 
kill the Gulf Coast tick and prevent re- 
infestation of cattle or sheep for 3 to 6 
weeks. For best results the treatment 
should be applied to the ears of these ani- 
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mals as soon as ticks begin to be numer- 
ous. A second application should be made 
when ticks again begin to attach to the 
animals. 

The material should be liberally applied 
to both the inside and outside of the outer 
ears and around the base of the horns. It 
is best applied with the bare hands and 
should be rubbed well into the hair and 
skin. The material is not injurious to the 
hands. It can be removed readily by wash- 
ing the hands in benzene, white gasoline, 
or kerosene and immediately thereafter 
washing with soap and water. One gallon 
of stock 1037 will treat 125 to 150 head of 
cattle. 

PREPARING Stock 1037.—Stock 1087 is 
composed of 5 per cent (by weight) of 
DDT (technical), 47 per cent of rosin, 33 
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per cent of a hydrogenated methyl 
er, and 15 per cent of dibutyl phtha- 
ate 

To prepare stock 1037 place the DDT 
and dibutyl phthalate together and stir or 
shake until the DDT is in solution. In 
another container place the rosin and 
methyl abietate and heat slowly until the 
rosin is thoroughly liquefied, stirring fre- 
quently to prevent scorching. When the 
rosin is thoroughly liquefied, remove from 
the heat and allow the mixture to cool. 
When the temperature is 125° F. or below, 
add the dibutyl phthalate and DDT and 
stir until uniformly mixed. As soon as the 
mixture has cooled it is ready for use.— 
12-18-46 


1 Hercolyn. 
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DDT to Control Wood Ticks 


Harry K. Gouck and Carrouu N. Situ, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


The term “wood tick” is generally used 
by the public to apply to any species of 
tick encountered in woods or fields, par- 
ticularly to those attacking man. In the 
East the species most often called wood 
ticks are the American dog tick, Derma- 
centor variabilis (Say), the lone star tick, 
Amblyomma americanum (L.), and the 
black-legged tick, Ixodes scapularis Say. 
In previous papers (1944 and 1945) the 
authors reported encouraging results with 
DDT for the control of these species in 
small plots. Further experiments on a 
larger scale have confirmed the earlier ob- 
servations and have given additiona! in- 
formation on the dosage required for effec- 
tive control. 

EXPERIMENTS AGAINST THE AMERICAN 
Doe Tick. i with 
DDT for the control of adults of the 
American dog tick were conducted on the 
island of Martha’s Vineyard, Mass. In 
previous experiments effective control had 
been obtained in small plots at rates of 9, 
7, and 8 pounds of DDT" per acre. As the 
heaviest infestations of this species are 
usually found along roadsides and paths, 
roadside strips were used as test plots. 





1 Throughout this paper DDT refers to the technical grade. 


Each plot was 1 acre in area, usually 4,356 
feet long by 10 feet wide. Such plots are 
quite liable to reinfestation from adjacent 
fields. The abundance of ticks in the plots 
was determined before and after treat- 
ment by dragging a sheet of white flannel 
1 yard wide by 1.5 yards long along the 
entire length of each plot. Ticks were 
counted, removed from the drag, and re- 
turned to the vegetation at intervals of 
approximately 100 paces. 

Two types of emulsion were used, one 
containing 5 pints of soluble pine oil? per 
pound of DDT, and the other containing 
40 fluid ounces of xylene and 8 fluid 
ounces of Triton X-100 (an aralkyl poly- 
ether alcohol) per pound of DDT. The 
materials were applied at 1, 1.5, 2, or 2.5 
pounds of DDT per acre, but in all cases 
100 gallons of spray was used per acre. 
The applications were made with a 
gasoline-powered sprayer operating at a 
pressure of 150 pounds per square inch. 

The results of the three experiments are 
summarized in table 1. A series of six tests 
in one locality (Chilmark) gave highly 


2 A commercial grade with a genetic gravity of 0.950-0.960 at 
15.5° C., containing not more than ag wh cent of water and not 
less than 80 per cent of destructively distilled pine oil, together 
with an emulsifier. 
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Table 1.—Abundance of American dog ticks 
in roadside pom following treatment with DDT 
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emulsions. Tests on Martha’s Vineyard, June 
1945. 

NuMBER Per Cent 
TREATMENT AND OF TICKS OF 


DosaceorDDT Berore Date or ORIGINAL 





(Pounps PER Treat- Date Coutiec- Inresta- 
AcRE) MENT SprRayepD TION TION 
Tests at Chilmark 
Pine oil emulsion 
2.5 225 June 9 June 7 100 
ll 1 
14 4 
22 4 
30 + 
214 21 20 100 
25 1 
28 0 
July 1 3 
2 96 9 June 7 100 
11 2 
15 2 
22 8 
30 7 
Xylene emulsion 
2.5 686 18 ll 100 
15 7 
21 8 
28 4 
2 146 18 ll 100 
15 + 
21 0 
28 5 
1.5 421 19 19 100 
21 5 
26 6 
29 5 
Check (no treat- 63 _ ll 100 
ment) 14 1838 
21 186 
25 224 
28 210 
July 1 205 
Tests at Gay Head 
Pine oil emulsion 
388 June 5 June @ 100 
7 2 
12 17 
19 26 
26 18 
29 23 
270 6 4 100 
8 6 
13 6 
20 10 
30 45 
156 6 6 100 
8 10 
18 Q7 
20 37 
80 69 
1 551 5 2 100 
7 3 
12 26 
19 40 
26 82 
29 29 
231 6 4 100 
8 74 
13 67 
20 78 
30 97 
177 6 6 100 
8 $1 
18 73 
20 82 
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Table 1.—(continued) 











NuMBER Per Cent 
TREATMENT AND OF Ticks OF 
DosaceorDDT Berorre Date or ORIGINAL 
(PounpDs PER TREatT- Date Coiiec- INresta- 
AcRE) MENT SPRAYED TION TION 
Check (no treat- 84 _ 4 100 
ment) 7 92 
12 819 
19 268 
26 206 
29 219 


Tests at Vineyard Haven and Oak Bluffs 
Xylene emulsion 
2 June 13 
16 


21 
28 


299 June 14 100 
4 

2 

2 

1 389 14 14 100 
12 

6 

6 

330 16 15 100 

9 


22 10 
29 8 





satisfactory control at dosages of 1.5, 2, 
and 2.5 pounds of DDT per acre. In all 
plots the abundance of ticks was less than 
9 per cent of the original abundance for 
the period of observation, 10 to 22 days, 
whereas in the untreated plot abundance 
rose to 224 per cent during the same pe- 
riod. Pine oil and xylene emulsions were 
equally effective. 

The results of six similar tests in a 
second locality (Gay Head) were less 
satisfactory. However, abundance was 
substantially lower in all treated plots 
than in the untreated one and in general 
was lower at a dosage of 2 pounds of DDT 
per acre than at 1 pound per acre. It is not 
entirely clear why better control was ob- 
tained at Chilmark at 1.5 and 2 pounds 
per acre than at 2 pounds per acre at Gay 
Head. It was probably due in part to a 
greater movement of ticks into the experi- 
mental plots at Gay Head, as indicated by 
the relative increase in abundance in the 
untreated plots in the two localities. 

In three other tests in scattered locali- 
ties on Martha’s Vineyard (Vineyard 
Haven and Oak Bluffs) control was good 
at dosages of 1 and 2 pounds of DDT per 
acre. 

On the basis of the foregoing tests it 
appears that the dosage of DDT required 
to insure effective control in every in- 
stance would be in excess of 2 pounds, but 
probably not more than 3 pounds, per 
acre. 
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EXPERIMENTS AGAINST THE LONE STAR 
Tick.—In previous experiments in small 
woodland plots the authors found that a 
dosage of 1 pound of DDT per acre would 
control nymphs and adults of the lone star 
tick. The following experiments were 
made to determine the duration of the re- 
sidual effect of DDT and the relative ef- 
fectiveness of different methods of appli- 
cation. The 1-pound dosage was used in all 
experiments, and was applied with a 
gasoline-powered sprayer operating at 
pressures of 150 to 350 pounds per square 
inch. Test plots of 0.5 or 1 acre were se- 
lected in woodland areas near Savannah, 
Ga. The abundance of ticks in each plot 
was measured before and after treatment 
by collecting with a flannel drag. Ticks 
were removed from the drag and returned 
to the vegetation every 100 feet. Each 
plot was crossed along 10 parallel lines 20 
feet apart. 

To test the maximum period of protec- 
tion, an experiment was begun in March, 
so early in the season that only a few ticks 
had become active. The disadvantage of 
such an early beginning is that it is im- 
possible to forecast how heavy later in- 
festations in the locality will be. In this 
locality they did not become heavy. A 1- 
acre plot was sprayed on March 20 with 1 
pound of DDT dissolved in 5 pints of solu- 
ble pine oil and emulsified in 100 gallons 
of water; a similar plot was left untreated. 
Control in the sprayed plot was very 
satisfactory throughout the period of ob- 
servation, 87 days, as nymphal abundance 
did not exceed 15 per cent of the original 
and adults never reappeared, whereas in 
the check plot nymphal abundance rose to 
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350 per cent and adult abundance to 266 
per cent of the original. 

Table 2 presents the results of an experi- 
ment to determine whether a smaller 
amount of a more concentrated spray 
could be used without reducing the effec- 
tiveness of the treatment. Two l-acre 
plots were sprayed, one on March 26 with 
1 pound of DDT and 5 pints of soluble 
pine oil in 50 gallons of water, and the 
other on March 24 with the same amount 
of DDT and pine oil in 100 gallons of 
water. Control was about as satisfactory 
as in the preceding test. In the sprayed 
plots nymphal abundance once rose to 22 
and 75 per cent of the original, but 
dropped shortly thereafter, whereas in the 
untreated check area it rose to 812 per 
cent of the original. Adult abundance in 
the sprayed areas once reached 100 and 
150 per cent of the original, while in the 
check area it reached 700 per cent. Al- 
though ticks in the sprayed plots were 
more numerous than in the previous test, 
they were also much more numerous in the 
check. During most of the 125 days of 
observation the treatments held the tick 
infestation in the sprayed plots to less 
than the original low abundance of March, 
while in the check plot it was increasing to 
the normal high abundance of May and 
June. The fact that it rose and fell in the 
sprayed plots while rising steadily in the 
check indicates that, although newly ac- 
tive ticks were appearing in all plots, the 
residual action of the DDT was killing 
them in the sprayed ones. There was no 
great difference in effectiveness between 
the 50- and 100-gallon treatments, the 
latter appearing slightly better agains- 


Table 2.—Per cent of original infestation of lone star ticks in l-acre woodland plots followirg 
treatment with two concentrations of DDT in pine oil spray. Savannah, Ga., 1645. 








1 Pounp or DDT 1n 100 


1 Pounp or DDT w 50 








GALLONS OF SPRAY GALLONS OF SPRAY Cueck, No 
APPLIED MARCH 24 APPLIED Marcu 26 TREATMENT 
COLLECTION Nymphs Adults Nymphs Adults Nymphs Adults 

DatE (36)! (4) 16) (3) (25) (6) 
March 26 11 25 232 250 
28 — —_ 18 0 —_ _— 
April 2 22 150 75 100 464 317 
12 6 25 38 66 556 483 
20 6 75 38 0 812 683 
May 5 3 75 6 0 812 650 
June 16 6 50 0 0 604 700 
July 27 17 0 88 66 320 33 





1 Figures in parentheses indicate numbers of ticks collected a few days before spraying. 
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nymphs and the former slightly better 
against adults. By June 16 clusters of 
larvae were beginning to appear in the 
treated and check plots. 

Two experiments were made to com- 
pare the effectiveness under field con- 
ditions of sprays using three different 
solvents—pine oil, xylene, and Velsicol 
AR-60 (chiefly di- and tri-methylnaphtha- 
lenes). In the first experiment the treat- 
ments were applied in April, when tick 
abundance was approaching its peak, to 
three half-acre plots. Two plots were 
sprayed with emulsions containing 8 
ounces of DDT in 50 gallons of water, but 
one was made with 40 ounces of soluble 
pine oil and the other with 20 ounces of 
xylene and 4 ounces of Triton X-100. The 
third plot was left untreated. 

In the second experiment three sprays, 
and also a 10 per cent DDT-pyrophyllite 
dust, were applied in May to half-acre 
plots. All the sprays contained 8 ounces of 
DDT per 50 gallons; the formulas for the 
DDT-pine oil and DDT-xylene sprays 
were the same as in the preceding test, but 
the third spray contained 32 ounces of 
Velsicol AR-60 and 6 ounces of Triton X- 
100 as emulsifier. 

The results of both experiments are 
shown in table 3. In the first series of tests 
(treated April 11) a high degree of control 
was obtained in both treated plots 
throughout the period of observation, 107 
days. The pine oil emulsion gave slightly 
better results than the xylene emulsion. 
In the second series (treated May 1) all 
treatments were satisfactory for the 87 
days of observation, although against 
nymphs the dust was not quite so effective 
as the sprays. 

The season of larval activity began 
early in June and clusters of live larvae 
were found in the treated as well as the 
untreated plots. 

Airplane Spraying.—In 1946' experi- 
ments on airplane application of DDT 
sprays were conducted at Bull’s Island, 
S. C., with the cooperation of the Fish and 
Wildlife Service, U. S. Department of the 
Interior. Moderate control of the lone 
star tick was obtained. The area where the 
sprays were applied was a coastal island 
with a heavy cover of palmettos, pines, 
oaks, magnolias, and much underbrush. 
The foliage was as thick as that of most 


1 The treatments were applied by Frank Faulkner, of the 
paeen of Entomology and Plant Quarantine, using an N3N- 
3 plane. 
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Table 3.—Comparative effectiveness of DDT 
sprays containing different solvents and a dust 
on lone star ticks in woodland plots. Dosage 1 
pound of DDT per acre. Savannah, Ga., 1945. 








Per Cent or 
ORIGINAL 
INFESTATION 


Adults 


NuMBER OF 


Ticks Berore Date 


TREATMENT OF 
CoLLEc- 
TREATMENT Nymphs Adults 10 





Nymphs 





Treatments applied on April 11 
Pine oil spray 94 10 April 9 100 
12 4 


20 

May 5 

June 15 

July 27 

Xylene spray April 9 
12 

20 
May 5 
June 15 
July 27 


Check (no April 9 
treatment) 12 
20 

May 5 

June 15 

July 27 


Treatments applied on May 1 

Pine oil spray 123 22 April 28 100 
ay 2 

14 

June 19 

July 27 


April 28 
ay 2 
14 
June 19 
27 


coc onon 


_ 
J 


Xylene spray 


— 


ccoocs coocos ococoo 


April 28 
ay 2 
14 


June 19 
July 27 


Pyrophyllite April 28 
dust ay 2 
14 

June 19 

July 27 


Check (no April 28 
treatment) ay 2 
14 

June 19 

July 27 


Velsicol AR-60 
spray 


owns wouws woocr~w 





tick habitats in the region, providing con- 
ditions of average difficulty for penetra- 
tion of the canopy by the spray. The 
sprays were dispersed through spray bars 
under the wings. The plots were marked 
off by flags mounted on 35-foot bamboo 
poles set in the tops of the tallest pine 
trees at all corners of each plot. 

Six plots (A, B, C, E, F, G) ranging 
from 18 to 29 acres in area were sprayed 
by airplane, and a 26-acre plot (D) was 
left untreated as a check. A l-acre plot 
(H) was sprayed from the ground as an 
additional check on the effectiveness of 
the airplane spraying, and a second 1-acre 
plot (1) was left untreated as a check on 
the ground application. 
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Table 4.—Abundance of lone star ticks in woodland plots following treatments with DDT. Except 
as noted, all plots were sprayed by airplane. Bull’s Island, S. C., 1946. 








DosaGcEe 
or DDT 


ForMuLatTIon! (Pounps 


Per CENT oF 
ORIGINAL 
INFESTATION 


NuMBER OF 
Ticks Berore 


TREATMENT Date 








Date OF 





PER 
Accessory Material AcRE 


Nymphs 


Adults Sprayep Co.iection Nymphs Adults 





Soluble pine oil é 3 
Soluble pine oil 

Xylene $32.5+Triton X-100 5 

Xylene 21.7+ Triton X-100 3.3 
Xylene $2.5+-Triton X-100 5 

Xylene 16.2+Triton X-100 2.5 
Check (no treatment) 

vesting at treatments of plots A 


an 


Overla 
an 


of treatments of plots A 


0.1 Soluble pine oil 


Check (no treatment) 


801 200 April 19 April 16 
21 


May 6 
June 5 
April 19 
23 
May 8 
June 6 
April 16 
21 
May 6 
June 5 
April 20 
23 
May 7 
June 6 
April 16 
20 
May 8 
June 5 
April 20 
23 
May 8 
June 5 
April 18 
21-23 
May 7 
June 6 
April 16 
21 
May 6 
June & 
April 16 
21 
May 6 
June 5 
April 22 
23 
May 9 
June 6 
April 23 100 


ay 9 91 97 
June 6 101 89 


April 22 





1 Except in pot B, all materials are emulsions and figures represent percentagesi n water. In plot B the DDT was in solution in 


soluble pine oi * Sprayed from the ground. 


The abundance of ticks in the plots was 
measured by making collections with a 
drag. In each of the larger plots three com- 
plete crossings were made along parallel 
lines. The crossings were far enough from 
the boundaries of the plot to avoid areas 
that might have received an extra heavy 
treatment, as in the case of a common 
boundary between two plots, or an extra 
light treatment, as might have occurred 
on the windward boundaries of some plots. 
About every 100 paces the ticks were re- 
moved from the drags, counted, recorded, 
and returned to the ground. In the 1-acre 
plots 14 crossings were made. 

The treatments applied to the plots and 
the abundance of ticks before and after 


treatment are listed in table 4. The air- 
plane applications were less effective than 
the ground treatment. Reductions in tick 
abundance developed more slowly, but 
after 6 weeks control was about 85 per 
cent complete in most of the plots. 

All the plots treated by airplane showed 
about the same degree of control except 
plot C, which was sprayed under less 
favorable wind conditions than the other 
plots and received only 2 pounds of DDT 
per acre, a smaller dosage than four of the 
other five plots received. Plot G, which 
also received only 2 pounds of DDT per 
acre, showed at least as good control as 
the plots receiving 3 pounds per acre, but 
the cover was not so dense as in the other 
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plots. The four plots receiving 3 pounds of 
DDT per acre showed no important dif- 
ference whether the spray was concen- 
trated or diluted. 

Along a road which formed the common 
boundary of plots A and B and plots A 
and E the abundance of ticks was reduced 
to a degree comparable to that obtained 
in ground applications. Since the road was 
a common boundary, it was sprayed twice, 
once at the treatment of each of the ad- 
jacent plots, and thus received a dosage of 
about 6 pounds of DDT per acre. In 
addition the cover over the road, though 
complete, was less dense than in the plots. 

The season of larval activity began 
early in June and clusters of live larvae 
were found in the treated as well as the 
untreated plots. 

EXPERIMENTS AGAINST THE BLACK- 
LEGGED Tick.—The adults of the black- 
legged tick, like those of the American dog 
tick, concentrate on the sides of roads and 
paths that traverse the infested areas. 
Therefore, the experimental plots used in 
these tests were strips 30 feet wide, with a 
road down the center. They ranged in 
area from 0.67 to 1.2 acre. The treated 
plots were sprayed with an emulsion con- 
taining 12.8 ounces of DDT and 4 pints 
of soluble pine oil per 100 gallons of water. 

Tick abundance in the untreated plots 
did not follow the trend of previous years, 
but reached a peak early in the season and 
declined rather than increased through 
January and February, a condition more 
than normally favorable to the success of 
the spray. The first spray was applied on 
December 19, at the rate of 17 ounces of 
DDT per acre. Tick abundance in the 
treated plot immediately dropped to 11 
per cent of the original abundance, and 
after December 27 no ticks were found 
throughout the remainder of the period of 
observation, 102 days. During the same 
period the abundance of ticks in an un- 
treated plot ranged from 35 to 150 per 
cent of the original. 

A plot was treated January 8 with 16 
ounces of DDT per acre and another was 
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treated January 28 with 15 ounces of 
DDT per acre. In both plots the reduction 
of ticks was immediate, and only a single 
tick was found in each plot during the 
periods of observation, 82 and 39 days, 
respectively. During the same _ periods 
abundance in the untreated plots ranged 
from 5 to 106 per cent and from 35 to 81 
per cent. 

Summary.—Experiments on the effec- 
tiveness of DDT for the control of the 
American dog tick, Dermacentor variabilis 
(Say), were made in roadside plots 1 acre 
in area. At a dosage of 2.5 pounds of DDT 
per acre control was uniformly satisfac- 
tory; at 1 to 2 pounds per acre control was 
satisfactory in some plots but not in 
others. Apparently the dosage required to 
insure effective control in every instance 
would be in excess of 2 pounds, but proba- 
bly not more than 3 pounds of DDT per 
acre. 

In woodland plots 0.5 to 1 acre in area 
nymphs and adults of the lone star tick, 
Amblyomma americanum (L.), were con- 
trolled throughout the season of activity, 
as long as 125 days, with 1 pound of DDT 
per acre. This dosage was effective 
whether applied in 50 or 100 gallons of 
water. Sprays prepared with three differ- 
ent solvents—soluble pine oil, xylene, and 
Velsicol AR-60—were almost equally ef- 
fective and a dust was only slightly less 
effective. The season of larval activity be- 
gan about a month after the last treat- 
ments were applied, and clusters of live 
larvae were collected in the treated plots. 

Airplane applications of DDT were less 
effective than ground applications against 
the longe star tick, the only species present 
in numbers. Reductions in tick abundance 
developed more slowly than in the case of 
the ground applications, but after 6 weeks 
control was about 85 per cent complete in 
most of the plots. 

Spray applications of about 1 pound of 
DDT per acre gave excellent control of 
the black-legged tick, Ixodes scapularis 
Say, in roadside plots for periods as long 
as 102 days.—1-10-47. 
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Although the insecticidal aerosol gener- 
ator developed at Columbia University 
was designed primarily for the immediate 
control of adult insects (1946), advantage 
was taken of an opportunity to test the 
effectiveness of such generators for the 
control of mosquito larvae. The experi- 
mental area was given four treatments 
with the aerosol generator between De- 
cember 29, 1944 and February 1, 1945. 
Following these treatments, comparable 
data were obtained over the same ter- 
ritory for two standard hand and 
power spray treatments made by the 
Army’s 716th Sanitary Company. The 
results, compared for control and opera- 
tional efficiency, show the aerosol method 
of treatment to be superior under the con- 
ditions of the experimental area. 

EXPERIMENTAL AREA USED For TREAT- 
MENT.—The site covers about 1500 acres 
situated on the coastal plain between the 
Little Tenaru River and Dodo Creek, 
Guadalcanal, Solomon Islands. It con- 
sists mainly of tall thick kangaroo grass 
with some patches of date palms and 
coconut trees. There are also two cane 
swamps, each about 9000 sq. ft., located 
in the experimental area. Approximately 
half of the area is located outside the 
zone which was normally mosquito con- 
trolled. Arrangements were made with the 
Tenaru Malaria Control Unit to cease 
their larvicidal program in the controlled 
half for the duration of the project. 

The breeding holes consisted of various 
ditches, ruts, marginal portions of the 
cane swamps, borrow pits, bomb craters, 
fox holes, marshy areas and puddles. In 
all, 52 breeding stations, increasing event- 
ually to 88 as exploration revealed new 
water surfaces, were located and estab- 
lished in the whole area. These stations 
ranged in size from 3 to 2500 sq. ft. 

EquipMeENT AND Marertiarts.—An 
aerosol generator based upon the same 
principle as the previously described 


1 This paper is based on work done for the Office of Scientific 
Research and Development under 0.S.R.D. Contract OEMsr 
1388 with Columbia University, Prof. Victor K. LaMer, Contract 
Director, and a project of the 8rd Advance Party of the Naval 
Medical Research Unit 2 
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generator (1946), but with a capacity of 
80 gallons of emulsion per hour, was used. 
The composition of the emulsion used in 
these tests follows: 

25 gals., SAE No. 50 oil 

15 gals., diesel oil 

8 gals., xylene (20% of the oil by volume) 

1 gal. emulsifier,? (2.5% of the oil by volume) 

30 lbs. of DDT (10% of the weight of oil) 

27 gallons of water (66% of the oil by volume) 

The generator was operated at tem- 
perature and pressure adjusted to produce 
oil-DDT particles having a mass average 
of 16 to 20 microns diameter, suitable for 
larval control with the encountered wind 
speeds of under 3 miles per hour. 

The 716th Sanitary Company used 
83 standard hand sprayers (Decontami- 
nation sprayers with bordeaux whirl 
discs) in the general experimental area 
and a power sprayer operated from a 
weapons carrier to treat roadside ditches 
and holes. The power sprayer consisted 
of an oval tank with a capacity of 45 
gallons of DDT-oil mixture plus an addi- 
tional approximate 10 gallons for air. The 
air pressure was increased to 110 lbs. per 
square inch by a compressor unit also 
carried on the weapons carrier. This 
pressure gradually dropped during opera- 
tion and when it decreased to 75 lbs., the 
air was again compressed to 110 Ibs. An 
ordinary single hole garden sprayer was 
attached to the tank. 

For actual field operation the following 
vehicles were used during the aerosol 
treatment: 


1 Weapons carrier, 0.75 ton, for the generator 
and four 55-gal. drums of emulsion 

1 Jeep for the supervisor of operation 

1 Trailer tank, capacity 250 gallons; 


and for the standard spray treatment: 


2, 2.5 ton, Troop Carriers 

1 Weapons carrier, 0.75 ton. 

Resutts.—The various breeding holes 
were dipped systematically for larvae 
before and after each treatment of the 
experimental area. The malaria vector 
was Anopheles farauti. The culicines were 
predominately Culex annulirostris. Urano- 
taenia sp. was present with Culex in the 
cane swamps and inside the jungle mar- 
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Table 1.—Number of Anopheles farauti and culicine larvae before and after each treatment. 


Efficiency of treatments. 








BErorE 


Pig | Cc 


TYPE OF 
TREATMENT 


24-60 Hours AFTER % Repvuction 





- idl 


| 





11,500 (1-4) | 260,000 (1-4) 


Ist Treatment | 
Aerosol 
| 


0 | 100 





2nd Treatment | 
Aerosol 


100 ,000 (1-4) 


$14 (1) 3,691 (1) 
227 (1-4) 


50 (4) 








3rd Treatment 2,999 (1-4) 11,228 (1-4) 


Aerosol 


174 (1-4) 3,140 (1) 


165 (2-4) 





4th Treatment 1,917 (1-4) 28 ,744 (1-4) 


Aerosol 


2,546 (1-2) 
183 (2-4) 





5th Treatment 1,416 (1-4) 30,300 (1-4) 


Spray 


25 (2) 
140 (3) 


777 (1-2) 
28, 600 (1-4) 








305 (1-4) 
Spray 





! 
6th Treatment 


36 Hours to 4 Days AFTER | 








425 (1-2) | 
250 (1-3) | 
7,230 (1-4) | 


3,090 (1-8) 











gin. The number of dips was standardized 
as a function of the water surface present 
in each water hole. 

Table 1 was derived from the data for 
each breeding stations to summarize the 
results and to serve as a measure of the 
efficiency of the treatments. The number 
of larvae given in table 1 was obtained by 
the summation of the product of the 
average number of larvae per dip by the 
area in square feet of each breeding sta- 
tion. This procedure involves the follow- 
ing assumptions: 

1. A dip includes one square foot of 
water surface. This is a rough estimate 
based upon the dipping technique stan- 
dardized by our inspectors. An error in 
this estimate does not affect the per cent 
reduction. 

2. Extent of breeding is uniform 
throughout the breeding station. This is a 
valid assumption where open _ pools, 
puddles, ruts, or ditches are involved. In 
the cane swamps and stations whose 
edges are covered with vegetation, breed- 
ing tends to be restricted to the water 
near these edges. For such cases, only the 
portions of the total area actually dipped 
were used in the calculations. 

In Table 1, A and C represent Ano- 
pheles farauti and culicine larvae respec- 
tively. The numbers in parenthesis give 


the instar status. In calculating the per- 
centage reduction, the number of larvae 
denoted as first instar were not included 
after 36 hours following the treatment and 
those denoted as (1-2) instars were not 
included after 60 hours. The same applies 
to table 2 discussed in the next paragraph. 

The figures in table 1 do not inlcude 
two stations denoted as stations 4 and 5, 
since these breeding holes did not re- 
spond to the standard 5 per cent DDT- 
diesel oil spray treatment nor to the 
aerosol generator blanket treatment. 
Hence, the figures for these two stations 
are given separately in table 2 and dis- 
cussed further in the next section. 

Discussion.—The results clearly show 
that satisfactory larval control over 
large areas is obtainable without seeking 
out each breeding hole through the use of 
the aerosol generator. This is of particular 
interest as meteorological conditions in 
general did not favor operations. Winds 
after dusk were invariably less than 1 
mile per hour and quite highly variable 
in direction. Also inversion conditions 
were generally not good. The third treat- 
ment was carried out under the especially 
poor conditions of highly variable winds 
associated with rain. The results of this 
third treatment (Table 1) were never- 
theless also satisfactory. 
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The reduction of the Anopheles larvae 
was 100 per cent for the first and fourth 
aerosol treatments and 94 per cent for the 
third. There were no Anopheles larvae 
found after the first and prior to the sec- 
ond treatment. The reduction of the 
culicine larvae was 99 per cent or better 
for each of the four aerosol treatments 
(Table 1). The comparison of the results 
obtained with the aerosol generator 
(Treatments 1 to 4, Table 1) and with the 
standard sprayers (Treatments 5 and 6, 
Table 1) clearly shows better control of 
both types of larvae by the aerosol 
method. 

Good agreement was obtained between 
the larval counts made by the regular 
Army inspectors in the controlled half of 
the experimental area and those made by 
our inspectors. 

Stations Nos. 4 and 5 did not originally 
respond satisfactorily to blanket area 
treatment in spite of the fact that the 
aerosol did reach this location (Table 2). 
The standard spray treatment and the 
pouring of oil on these ditches also did 
not appreciably affect the counts of larvae 
at these particular stations. These stations 
were ditches, closely located to each 
other, into which flowed the waste waters 
of a shower hut and a laundry shed. The 
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ditch wateft was viscous, had a crusted 
black surfate and contained considerable 
amounts of what appeared to be solid 
soap. These ditches were finally brought 
under contfol by specific treatment (Table 
2) with the aerosol generator from a 
relatively close position (20 to 200 feet 
up wind). An unusually heavy and uni- 
form application of DDT was thus re- 
quired to control these particular breeding 
stations. The heavier dosage from the 
hand sprayers was not sufficiently uni- 
formly distributed to be effective. 
CoMPARISON OF AEROSOL AND SPRAY 
TREATMENTS.—T able 3 gives a summary 
of the important operational factors for 
each of the area treatments made with the 
aerosol generator. The number of quarts 
of DDT-oil per acre (about 0.5) used in 
the aerosol treatment compares favorably 
with the 2 quarts per acre put out by 
spray planes. The total operation hours 
given in column 7 covers the time interval 
between the arrival of equipment and 
personnel at and departure from the area 
to be treated while the eighth column 
gives the number of hours during which 
the aerosol generator actually was oper- 
ated. It is seen that about half the time 
was spent in operation of the aerosol 
generator while the remaining half was 


Table 2.—Efficiency of treatments on stations 4 and 5 (all Culex). 








BEFORE 


36 Hours to 4 Days | 
AFTER Per Cent Repvuction 





| 
TYPE OF 
TREATMENT | 4 | 5 
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4 4 





14,000 
(1-4) 


Ist Treatment 
Aerosol 


| 
14,400 | 60 | 60 
(1-4) 





5,600 
(1-4) 


Treatment 
Hand Spray 


7,920 45. | 45 
(1-4) 





3,080 
(1-4) 


2nd Treatment 
Aerosol 


10,800 
(1-4) 





3rd Treatment 
Aerosol 


14,300 
(1-4) 


7,200 
(1-4) 





Specific Aerosol 4,200 


Treatment 





0 





4th Treatment 
Aerosol 





5th Treatment 
Spray 





6th Treatment 
Spray 
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Table 3. Operational data, aerosol and standard spray treatments. 
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Treatment 3 | 1560 | 176 








Aerosol 
| 


1525210 
| 


Treatment 4 
Aerosol 








Spray by 


} 
Treatment 5 | 
716th S.C. | 


DDT-Oil 
| 95 | 


Treatment 6 | 
Spray by | 
716th S.C. | 








spent in getting into position for opera- 
tion. The ninth column gives the number 
of miles travelled by the aerosol generator 
during its actual use at the average rate 
given in column 10. If two aerosol gener- 
ators had been available, the rate of 
travel could have been doubled and the 
operational times considerably reduced. 
Column 11 gives the number of gallons of 
10 per cent DDT-oil mixture put out by 
the aerosol generator for every 1000 ft. of 
road travelled by the aerosol generator 
while in actual use. In calculating the 
manpower efficiency in acres per man 
hour the total operating time was used. 

Two men alternated as driver and 
generator operator and one man directed 
the field operation. 

Table 3 also contains the corresponding 
data, where applicable, for the fifth and 
sixth treatments which were standard 
spray treatments carried out by the 716th 
Sanitary Company. In their first treat- 
ment a crew of 16 men worked for three 
hours and a 14-man crew worked for 5 
hours and 30 minutes to cover about two- 
thirds of the total experimental area 
whereas a crew of 9 men, according to 
figures submitted, covered the remaining 
third, which included one of the cane 
swamps, in 2 hours. Indications are that 
neither cane swamp was effectively cov- 
ered. It would be impossible, however, 
to hand-treat such cane areas adequately 
without first extensively clearing them. 


In this case, clearing operations would 
probably have made the entire cane area, 
instead of only the margins, favorable to 
breeding. 

In addition, a power sprayer operated 
from a weapons carrier was used by the 
716th to spray roadside ditches and 
holes. Three men working 3 hours were 
required for this in the first treatment and 
two men were used for 8 hours and 15 
minutes in the second treatment. 

The comparison (Table 3) of the rela- 
tive manpower requirements for aerosol 
generator field operation and hand spray 
field operation reveals a factor of six in 
favor of the former and requires no 
further comment. But the distinction in 
the interpretation of figures expressing 
the quantity of DDT-oil mixture used to 
cover the complete area should be empha- 
sized. 

The aerosol treatments required an 
average of about 0.5 quarts of 10 per cent 
DDT-oil per acre whereas the hand spray 
treatments required an average of only 
0.20 quarts of 5 per cent DDT-oil. Al- 
though this comparison would seem to 
favor use. of hand sprayers from the 
point of view of material required, the 
following factors should be considered: 

1. The aerosol treatment is effective 
for all breeding sites in the area covered 
regardless of their number, size, con- 
cealment, or difficulty of terrain, whereas 
hand equipment will miss concealed 
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places, cannot effectively cover uncleared 
swamps or marshes, and must greatly 
increase time and material in normally 
wet areas or after heavy rainfall; 

2. The undeposited portion of the 
aerosol (about 50 per cent within the 
first 2000 ft. down wind) kills the adult 
mosquitoes over large areas. 

Concuusions.—It is evident that the 
aerosol generator obtains very satisfac- 
tory larval control over large areas even 
when operations are carried out under 
poor meteorological conditions. It should 
prove to be a very useful instrument in 
bringing large areas rapidly under larval, 
as well as adult, mosquito control without 
a necessity of seeking out each breeding 
hole. 

Although during this project the area 
was treated with as low an output as 
0.5 quart oil-10 per cent DDT per acre, 
producing larval control to at least 2000 
ft. down wind, an output of 1 quart per 
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acre is recommended to allow a good mar- 
gin of safety. 

Summary.—After each of four area 
aerosol treatments over about 1500 acres, 
a reduction of 99 per cent in the number 
of culicine larvae and of 94 to 100 per cent 
in the number of Anopheles farautz larvae. 
was recorded. No breakdown of the aero- 
sol generator occurred during the treat- 
ment period of 5 weeks and mechanical 
operation was consistently satisfactory. 
Comparison with standard hand and 
power spray treatments shows the aerosol 
method is more efficient with respect to 
manpower by a factor of 6. 
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Treatment of Native Villages with the Aerosol Generator! 
Frank Brescia and Irwin B. Wiison, College of the City of New York 


Two villages were treated to determine 
whether an oil-DDT aerosol generated 
outside native huts can kill adults resting 
inside the huts during the course of treat- 
ment and to determine the protective 
period against mosquito adults obtainable 
with a single blanket treatment extending 
1000 feet above and below the limits of the 
village. 

The villages of Boromoli and Vata- 
pouri, Big Florida, Solomon Islands, were 
found to be the most promising of many 
villages inspected, with respect to large 
potential adult and larval populations. 
Accordingly, arrangements were made 
with Lt. Sibley, (MC), U.S.N.R., Tulagi 
Area Malariologist, and Lt. Cuncannon, 
Commanding Officer, Siota AATC, Little 


Florida, to cease standard mosquito con- 


1 This paper is based on work done for the Office of Scientific 
Research and Development under O.S.R.D. Contract No. 
OEMsr 1388 with Columbia University, Prof. V. K. LaMer, 
Contract Director, and a project of the 3rd Advance Party of 
Navy Medical Research Unit 2. 


trol measures within the village of Boro- 
moli. The control measures involved 
weekly larvicidal treatments with hand 
spray equipment and hut spraying every 
2 to 3 weeks. The village of Vatapouri, 
located north of Boromoli, was an un- 
controlled area. 

The mosquito population in these vil- 
lages consists largely of Anopheles farautt. 
Anopheles lungae were also found in the 
jungle behind Vatapouri. 

DeEscRIPTION OF VILLAGES AND TER- 
RAIN; Metreorotocy.—Each of the vil- 
lages of Boromoli, Vatapouri, and Pala- 
maho is composed of a series of thatched 
huts located along a beach on a narrow 
plain behind which are hills and bluffs of 
varying heights. The distance between the 
villages and the hills varies considerably. 
Headlands extend to within 300 feet of the 
beach behind parts of Vatapouri whereas 
relatively flat floored valleys stretch over 
1000 feet behind other parts of the same 
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village. In Boromoli, the hills are located 
much farther behind the village. 

In general, the huts are grouped in 
sections of cleared ground immediately 
behind which is a narrow (about 100 feet) 
cocoanut palm grove which then leads to 
the jungle. The hut size averages about 
12 by 10 by 6 feet. In general, the jungle 
line is adjacent to the road between sec- 
tions of each village and between villages. 
Vatapouri is located about a mile above 
Boromoli and Palamaho is about a half 
mile above Vatapouri. 

Previous experience in the United 
States showed that it is comparatively 
difficult to treat broken terrain because 
of the tendency of the aerosol to flow 
along the side and top of a dense growth 
after traversing a comparatively open 
region. Daytime operations are also to be 
discouraged because of the tendency of 
the aerosol cloud to rise unless there is a 
steady wind velocity of 5 or more miles 
per hour. 

However, only one road running along 
the beach was available and operations 
were therefore conducted over broken 
terrain. Also, water transportation was 
available only during the day. Hence, 
operations were conducted during the 
morning. Fortunately, high wind veloci- 
ties were largely prevalent. 

BoroMott AND VAaATAPOURI VILLAGE 
Tests.—Adult mosquito counts were 
made in the huts and larval counts were 
made in several breeding sites located 
behind each village. Huts in Vatapouri 
were used as adult check stations during 
the Boromoli test and huts in Palamaho 
were used as check stations during the 
Vatapouri test. Differences in morning 
and afternoon counts were not significant. 

The breeding sites behind Boromoli 
consisted of 14 pools and shallow ponds, 
some of which were filled with cocoanut 
shells and much debris, or located under 
large logs, and in two mangrove swamps. 
In area, the pools and ponds varied from 
20 to 450 sq. ft. and the swamps from 550 
to 800 sq. ft. The distances of these sites 
from the road over which the treatment 
was made ranged from 160 to 650 feet. 

Time did not permit a complete survey 
to be made of the breeding sites behind 
Vatapouri. Hence, the Vatapouri larval 
data in table 2 refer to only two sites, one 
a shallow muddy hole of 90 square feet at 
downwind distance of 235 feet, and the 
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second cut-up taro field, 270 sq. ft., at 
least 1000 feet downwind. The culicine 
breeding data recorded in table 2 was also 
found in this taro field as well as in two 
tree stump holes located in the field. 

The operational data is summarized 
in table 1. 


Table 1.—Operational data. Boromoli test 
made March 24, 1945; Vatapouri, March 29, 
1945. 











VaTA- 

BaROMOLI POURI 
Front 0.89 1.0 
Output 15 12 
Sea Breeze 2.3-5.6 9 
Time 51 45 
Acres per Man Hour 44 55 

Stability Poor Good 
Size 10 10 





Front, the distance covered by the gen- 
erator carrier, is given in miles; output in 
gallons of emulsion per 1000 feet of front; 
the wind speed in miles per hour; time, the 
duration of the treatment in minutes; 
stability expresses the tendency of the 
aerosol to remain near the ground; size 
gives the aerosol average mass particle 
diameter in microns. In the Boromoli 
operation, it was possible to travel only 
250 feet south of the village. 

Adult and larval Anopheles farauti 
results are given in table 2. The numbers 
of larvae were calculated as previously ex- 
plained (1946). 

Discussion.—The results show a satis- 
factory protective period in Boromoli of 
a minimum of 5 days for a single blanket 
treatment, particularly since the adult 
population in the check village of Vata- 
pouri continuously increased and reached 
a comparatively enormous value on the 
fifth day after the Boromoli treatment. 
These results should also be compared 
with the rate of return of adults to huts 
in which the resting adults were killed 
with an aerosol bomb. Before treatment 
the huts showed 29 mosquitos: the day 
after each treatment 14 adults were 
again found in the sprayed huts and 2 
days after, 29 adults were found. This is, 
of course, to be expected since this spray- 
ing of the mosquito adults in huts does 
not materially affect the total adult 
population of the area. 

The protective period for Vatapouri, 
on the other hand, was much shorter. 
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Although the initial kill was satisfactory, 
a large population was present in the huts 
on the second day after the treatment 
(Table 2). This shorter protective period 
is due to the following factors: 

a. Resting adults and breeding ex- 
tended beyond the limit of toxicity to be 
expected from a single blanket treatment 
with the DDT output used. A more ex- 
tensive search on the third day after 
treatment located nine resting adults, 
Anopheles lungae, in a tree 500 feet south 
of Vatapouri and 1100 feet from the road 
over which the treatment was made. 
Numerous Anopheles larvae, species not 
determined, were also found in fox-holes 
in this area. In Boromoli, on the other 
hand, breeding was limited to 700 feet 
from the road. Hence, a faster rate of 
infiltration into Vatapouri was to be 
expected. 

b. The higher wind velocity caused a 
greater loss of aerosol, in treating the 
sections with broken terrain, when it 
reached the denser vegetation. 

To obtain longer protective periods in 
such areas as Vatapouri, where breeding 
extends beyond 1000 feet and where the 
terrain is broken, 48 instead of 12 gallons 
of the emulsion per 1000 feet of front is 
recommended. Also, the generator run 
should extend at least 2000 feet, instead 
of 1000 feet, beyond the edges of the 
village. 

For sites similar to Boromoli, where 


breeding is limited to distances of less 
than 1000 feet behind the village but 
where broken terrain is encountered, an 
output of 24, instead of 15, gallons of the 
emulsion per 1000 feet of front extending 
at least 2000 feet beyond the village edges 
should increase considerably the protec- 
tive period. 

For two weeks prior to treatment, 
adult culicines were abundant in the 
jungle behind Boromoli. The predomi- 
nant species were Armigeres malayt breinli 
and Aédes quasiscutellaris. Half a dozen 
were usually attempting to bite the ankles 
at all times in dense shade. Seven hours 
after the treatment, a 20-minute count 
in a spot particularly favorable for mos- 
quitoes yielded only one Armigeres and 
no Aédes. The adult population continued 
low in all the area behind Boromoli where 
Anopheles breeding stations were being 
checked. Seven days later, 2 to 3 mos- 
quitoes were usually attempting to bite. 

Satisfactory Anopheles larval control 
was obtained as a result of the Boromoli 
treatment in spite of the broken terrain. 
The percentage of fourth instars did not 
become appreciable until the eighth day 
after the treatment. A large swamp, 
about 1000 feet square, located some 2000 
feet from the Boromoli road appeared to 
be an ideal location for A. farauti breeding 
but an extensive search revealed no such 
breeding. 

In the Vatapouri treatment, larval con- 


Table 2.—Population of larvae of Anopheles farauti and culicine mosquitoes and of the adults A. 
faraw‘i mosquitoes in huts before and after treatment. Numbers in parenthesis give the larval instars 












































Days AFTER 
Anopheles 8 6 
ADULTS BEFORE (hours) | (hours) 1 2 3 5 6 8 
Boromoli 34 | 0 0 2 4 4 15 22 
Checks 5 5 9 12 27 27 
Vatapouri 276 ae 7 89 33 
Checks! 24 19° | 7 12 8 
Anopheles | 
LARVAE | 
Boromoli 6400 | 14 28 1800 4500 6200 4400 
(14) | | (1) (1) (1) (1) (1-2) | (1-4) 
Vatapouri 234 0 | 9 34 | 54 
(1-3) | (1-5) (2) | (1-8) 
Culicine |} | | | | 
LARVAE | 
Vatapouri 355 0 | 0 | 90 | 
ea | | a4) | | 








1 It is possible that the decrease that occurred 1 day after the treatment resulted from the treatment since Palamaho is about 150 


feet above the edge of the treatment. 
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trol was obtained in some sections but 
was not complete enough throughout the 
treated area to be completely satisfactory. 
Thus in the far edge of the cut up taro 
field, four newly hatched first instars, 
two second, one third and one fourth 
instars as well as one pupa were found 
about 30 hours after the treatment (Table 
2). Also, on the third day after treatment, 
an extensive field of fox-holes was located 
at the base of a bluff, 500 to 1000 feet 
south of the village of Vatapouri and 850 
to 1275 feet down wind, in which con- 
siderable larvae were found. The use of 
the larger output previously recom- 
mended should give the more extensive 
control necessary. 

As in previous experience, the distance 
of culicine larval control was more limited 
than that of Anopheles larval control. The 
day following the Boromoli treatment, 
tree-holes, cocoanut shells and tin cans 
were checked for culicine larvae and con- 
trol of such breeding places was not ob- 
tained beyond 250 feet from the road. 
And in the Vatapouri treatment, erratic 
culicine control resulted largely from the 
high wind velocity and varying nature of 
the terrain. Thus a barrel located near the 
beach had abundant breeding before and 
after this treatment. With a 9-mile per 
hour wind, the amount of 10 micron 
diameter aerosol that will deposit even at 
the very short distance of 75 feet is negli- 
gible. The measure of control obtained 
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farther back in the denser vegetation 
(Table 2) resulted from the relatively 
slower wind velocity therein. 

CONCLUSIONS AND SuMMARY.—A single 
treatment of two native villages with 
10-micron mass particle diameter aerosol 
with a dosage of about 5 pounds DDT per 
1000 feet of front is effective against 
Anopheles farauti mosquitoes in and out- 
side of thatched huts and produced a 
protective period of at least 5 days in one 
village and 1 day in the second. This 
difference was largely due to the more 
extensive breeding in the area of the 
second village. 

To obtain an appreciable protective 
period in a native village composed of a 
series of huts located more or less in the 
open but bordered by a jungle in which 
breeding holes extend beyond 1000 feet, 
an output of about 20 pounds of DDT per 
1000 feet of front, the front being ex- 
tended 2000 feet beyond the edges of the 
village, should suffice. If the breeding 
sites are within 1000 feet of the village, 
10 pounds of DDT per 1000 feet of front 
will suffice.’ 
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Aerosol Generator as Used for Sand Fly Control! 


Frank Brescia and Irwin B. Witson, College of the City of New York 


While the larvicidal project reported in 
a previous paper was in progress, a species 
of beach breeding sand fly, Styloconops 
albiventris de Meijere, became a nuisance 
to Fleet Hospital 108 Rest Camp, Guadal- 
canal, Solomon Islands. This fly has been 
reported from New Guinea and New 
Britain as well as from several of the 
Solomon Islands. Permission was readily 


1 This paper is based on work done for the Office of Scientific 
liesearch and Development under O.S.R.D. Contract No. 
UEMsr 1388 with Columbia University, Prof. Victor K. LaMer, 
Contract Director, and a project of the 8rd Advance Party of 
the Navy Medical Research Unit 2 


obtained from Commander Stevens (MC) 
in charge of the Rest Camp, to use the 
Aerosol Generator, to determine the con- 
trol efficiency of 10 per cent DDT-oil 
aerosol. The project was conducted con- 
currently with the larvicidal tests. 

Very little entomological information 
regarding these sand flies is available. It 
was determined by the abundant emer- 
gence of adults in traps that the larvae 
breed in the moist sand of the high tide 
zone. Time did not permit the isolation of 
the Jarvae from their sand environment. 








S- 


cs = ¢ = 








June 1947 


Hence, neither the developmental cycle 
nor the depth at which they breed has 
been determined. An experiment per- 
formed to determine the effect of depo- 
sited aerosol on larvae strongly suggests 
that breeding is confined to one or two 
sand layers beneath the surface. The 
quantity of water required for breeding is 
not known though the site used for the 
larval experiment was washed over by 
the sea water and remained under water 
during certain high tides. 

Where the flies rest was not determined. 
Although 1t was not our purpose to con- 
duct extensive entomological work, vege- 
tation and beach debris were examined 
for flies around a spot where breeding 
was heavy and biting rates were high. No 
sand flies were so located at a time of the 
day when the species is inactive. It was 
also determined that they are not at- 
tracted to lights and do not enter dwel- 
lings at night. 

Biting counts made at different times 
of the day show a fairly well reproducible 
biting peak at 0830 (Table 1). Between 
1000 and 0730 biting counts are in the 
neighborhood of zero. Counts made in the 
shade and in sunlight show that, on the 
whole, this particular sand fly exhibits no 
preference while on the wing. Activity, 
also, does not appear to increase on 
cloudy days. Activity does however ap- 
pear to be discouraged by winds above 5 
miles per hour. Migratory habits of these 


Table 1.—Variation in biting count with time. 
These are 5-minute counts with only arms ex- 
posed. 











DatTE February 7 February 10 
Wrinp, Mr./Hr. Less than 3 Less than 1 

TIME Sun Sun 

0725 21 

0735 45 

0750 45 

0800 25 

0805 52 

0815 46 

0820 75 

0830 53 

0835 50 

0845 39 

0850 45 

0900 34 

0905 40 

0915 38 

0930 24 





sand flies have not been studied. Though 
it is belheved that their flight range is 
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short and’ that they remain within the 
area of the beach, several sand flies were 
found on different occasion hundreds of 
feet inshore and in one case a sand fly was 
found on a float a couple hundred feet 
offshore. 

The lethal dosage or the DDT dosage 
relative to that required for adult mos- 
quitoes is also unknown to us for any 
species of sand fly. 

Sand fly biting counts were made over 
the time corresponding to the peak of 
biting activity. The counts show the 
number of flies obtained in 5 minutes on 
the exposed arms and legs. The flies were 
killed when counted. Counting stations 
were located at 400-foot intervals along 
the beach and are denoted as Beach 
Stations in the tables. Counting stations 
were also located at several points as far as 
750 feet inshore but data so obtained is of 
no significance because of the very small 
number, if any, of sand flies found at 
these locations. Starting and end stations 
in the tables refer to the biting counts 
made at the points at which the generator 
run started and ended. Check stations 
were located on both sides of the beach 
covered by the aeroso’. 

Three different type aerosol treatments 
were made to determine the most efficient 
type of operation for adult and larval 
control. 

DeEscRIPTION OF THE Beacu.—In the 
area treated the bare beach is generally a 
narrow zone, 15 to 20 ft. wide at low tide. 
Immediately inshore from the beach is a 
zone of loose dry sand supporting a low 
growth of a _ sweet potato-like plant. 
Crab holes are numerous in this zone and 
may constitute small breeding areas. In- 
shore from this are the encampments 
among scattered palms. The beach gener- 
ally was strewn with debris such as 
shells, sticks, cocoanuts, etc. 

EquipMentT AND Marteriau.—The 
aerosol generator and emulsion composi- 
tion used in the larvicide project, reported 
in the previous paper, were used in this 
project. Operations can be carried out by 
a driver and generator operator. Over an 
unfamiliar run a supervisor is necessary. 

Types oF ‘TrREATMENT.—The _ first 
treatment was made on January 6, 1945. 
Not having any previous knowledge of 
method of treatment, it was decided to 
make a blanket treatment with 16 micron 
diameter aerosol for adult kill at the first 
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sign of biting in the morning. This treat- 
ment was made from 0610 to 0625 over 
a road approximately parallel to the beach 
line, 25 feet from the beach at the nar- 
rowest point and about 700 feet at the 
widest. It was soon discovered that this 
treatment was made too early. Conse- 
quently, it was repeated again at 0800. 
After the first aerosol blanket treatment, 
the beach line was sprayed with particles 
about 300 microns in diameter for control 
of larvae. (The generator was operated at 
a much lower temperature than usual.) 

During this operation, a land breeze 
1 to 1.5 miles per hour prevailed. Length 
of beach treated was 1 mile. For other 
operational data see table 2. 


Table 2.—Operational data. Size refers to the 
average mass particle diameter in microns. 























GALLONS 
Om— 
10% 
Onm— DDT 
Emut- 10% PER 
SION DDT 1000 
TREAT- Gats. Gas. Fv. or 
MENT SIZE Usep Usep- Beracu 
First 
Road 16 62 37 7.4 
Beach 300 50 24 4.8 
Second 
Road 10 80 48 5.3 
Beach 300 35 21 5.0 
Third 
Beach 16 80 48 7.1 





The second treatment was applied 
February 1, 1945. To determine the 
efficiency of the spray treatment, the 
beach length to be treated was extended 
from 1 to 1.7 miles and about half was 
treated with spray (300 micron diameter 
particles) and aerosol (10 micron dia- 
meter particles) while the second half was 
given only an aerosol (10 micron dia- 
meter particles) blanket treatment. The 
spray treatment was made along the 
beach and the aerosol treatment from the 
inshore road. The aerosol treatment was 
run from 0745 to 0845 with a land breeze, 
2 to 3.5 miles per hour. For other opera- 
tional data see table 2. 

The third treatment was applied Feb- 
ruary 8, 1945. In the belief that sand flies 
rest in the moist sand and within short 
distances of the high water mark, the 
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Table 3.—Reduction after first treatment, 
January 6,1945. Wind, inthisand Tables4and 5, 
refers to average wind speed in miles per hour 
prevalent during the counting period. 














BritIne 

Count Per Cent Repuction Days 

Brerore Arter TREATMENT 

STATION TREatT- z 
LocaTIoNns MENT 1 | + | 5 10 20 

Wind 1 2 2 0.5 8 4 
Beach 324 95 90 96 90 90 
Start and End 45 10 10 |-—30! 55 |—15? 
Check 100 -2 15% 408 65 70 























1 The increase in the number of sand flies occurred only at the 
point corresponding to the end of the run. , 

2 A large increase occurred at the point corresponding to the 
start of the run while at the end point the count went down prac- 
tically to zero. 

8 The reduction occurred in the east end check stations while 
the west end check stations showed an increase. 


beach was treated from the seaward side 
to give maximum aerosol dosage and 
deposition in this region. A 16-micron 
diameter aerosol treatment was made at 
a time, 0945 to 1040, when the sand flies 
are largely resting. The sea breeze ranged 
from 3.5 to 5 m.p.h., and the weapons 
carrier was driven with 2 wheels in the 
water at low tide. The length of beach 
treated was 1.4 miles. For other opera- 
tional data see table 2. 


Table 4.—Reduction after second treatment, 
February 1, 1945. 

















Per CENT 
REDUCTION 
Days 
BitT1InG AFTER 
Count TREATMENT 
STATION BEFORE 
LocaTIONS TREATMENT 1 Q 
Wind 4 Q 3 
Beach 125 75 98 
Start and End 38 95 100 
Check 51 20 20! 








1 Count at check stations on east end went down considerably 
while that at the west end remained practically constant. 


Table 5.—Reduction after third treatment, 
February 8, 1945. 














BITING 

Count Per Cent Repuction Days 

Berore Arter TREATMENT 
STATION TREAtT- 

LocaTIoNns MENT 2 | 4 | 9 
Wind 1 0.5 1 1 
Beach 294 93 88 86 
Start and End 12 —100 —85 83 
Check 89 — 30 -15 63! 

















1 Check count at west end decreased to zero while check count 
at east end was over double the initial count. 

Resutts AND Discussion.—The re- 
sults summarized in tables 3, 4, and 5, and 
compared in table 6, show that the three 
types of treatment are of about equal 
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efficiency. The only noticeable difference 
is the comparatively slower action of the 
10-micron diameter aeroso] used alone in 
the second half of the second treatment. 
Any other difference is clouded by the 
variation that occurred in the count at 
check stations (Tables 3, 4, and 5). The 
protective period afforded by each of the 
treatments is at least 4 days but the 
periodicity of treatment is affected by the 
rate of breeding as well as by the migra- 
tory rate. Though the beach conditions 
appear to be constant, the rate of breeding 
does not appear to be so. Thus for weeks 
after the first treatment, no treatment 
war required but a third treatment was 
needed 6 days after the second. At the 
time the party left Guadalcanal, 15 days 
after the third treatment, the beach still 
required no treatment. Yet, during this 
time, adult emergence obtained in our 
larvae experiment (next section) was high. 

During the third treatment the effect of 
the aerosol on various species of flies was 
noted. Sand flies were observed dead and 
stuck to the “sweetpotato” leaves a few 
miuutes after the treatment. Various 
small beach flies of the families Chloro- 
pidae and Ephydridae as well as Myrmi- 
cine ants were observed struggling on the 
beach and in sand hollows under the 
vegetation. Flies of the genus Musca and 
two species of blowflies, Chrysomyia ni- 
gripes and C. megacephala were likewise 
affected. Innumerable . springtails ap- 
peared to be unharmed shortly after the 
treatment. These observations were made 
within a distance of 100 feet downwind 
from the generator front. 

EFFICIENCY OF AEROSOL DEPOSIT ON 
LarvaL Controut.—To determine the 
efficiency of the deposited aerosol, a 
metal trap about 2 by 5 by 2 ft. was set 
over the ground in the vicinity of a check 
station at which biting counts were con- 
sistently high. The spot chosen is washed 
over by the sea water and remains under 
water during certain high tides. The 


Table 6.—Comparison of efficiency of treat- 
ments for the tkree treatments. 




















BitTING 
Count Per Cent Repvuctron Days 
Brrore Arter TREATMENT 
TrReat- TrReEat- 
MENT MENT 1 | 2 | 4 | 5 
1 324 95 | 90 | 96 
2 125 75 98 | 
8 294 938 | 88 
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ground was then treated with a 16 micron 
diameter aerosol in a manner similar to 
that used in the third treatment. A second 
trap of wood, 3X5 X0.5 ft., was then set 
over the ground alongside the first trap. 
The chosen spot proved to be very favor- 
able for breeding and results obtained are 
very striking (Table 7). Interchanging the 
traps had no effect on the results. The 
results clearly show that the particles 
deposited from a 16-micron diameter 
aerosol, with a wind speed of about 5 
miles per hour, are very efficient in con- 
trolling sand fly larvae. Of course, in 
actual use, the long protective period 
obtained in this experiment under tight 
boxes is not to be expected. 

Very curiously, during this period of 
emergence the biting rate at the location 
of this experiment was practically zero. 
No explanation based on present evidence 
can be offered for this phenomenon. 


Table 7.—Effect of deposited aerosol upon 
Sand Fly larvae. Mass particle diameter, 16 
microns. Aerosol output at a rate of 7.1 gallons 
of oil-10% DDT per 1000 feet of front. Wind 
speed, 3-5 m.p.h. 








Day NuMBER OF SAND Figs EMERGED 





2/12 Ground Treated Ground Untreated 


2/13 . 0 
2/14 1 29 
2/15 1 54 
2/17 9 37 
2/19 0 79 
2/21 0 22 
2/22 0 (Traps 26 
Interchanged) 
2/23 0 11 





CoNcLUSIONS AND SumMMARY.—The 
aerosol generator will obtain efficient sand 
fly control. It is probable that the aerosol 
generator will prove to be efficient in the 
control of other species of flies. 

When used for the control of beach 
breeding sand flies, it is recommended 
that the beach be treated from the sea- 
ward side at low tide with a dosage of 
about 7 to 7.5 gallons of oil-10 per cent 
DDT per 1000 feet of front projected as 
a 16 micron particle diameter aerosol. If 
the wind speed is however greater than 
5 miles per hour, a larger particle sized 
aerosol should be used (1946) for larval 
control. The treatment should extend at 
both ends at least 50@ feet beyond the 
beach line to be controlled.! 


1 See note 1, page 316. 





Salinity ‘Tolerance of Anopheles quadrimaculatus and 
Habitat Preference of A. crucians bradleyi 
Grorce B. Voat,!* Assistant Sanitarian (R), U. S. Public Health Service 


During 1944-45 in connection with the 
Maryland Project, Malaria Control in 
War Areas, an investigation was made of 
the occurrence of Anopheles quadrimacu- 
latus Say in the vicinity of Scotland, St. 
Marys County, where a population of 
from 2,000 to 10,000 mosquitoes per barn 
was commonplace. The principal source 
of these mosquitoes was found to be Deep 
Creek, a large brackish lagoon. This paper 
describes the distribution of A. quadri- 
maculatus in Deep Creek with respect to 
different salinities, aquatic vegetation, 
and associated mosquito species. 

The principal purpose of this paper is to 
establish, for one locality, a carefully de- 
fined example of appreciable salinity toler- 
ance of Anopheles quadrimaculatus which 
is generally regarded as a distinctly fresh- 
water anopheline (Boyd 1930; Bradley & 
King, 1941; and King, et al. 1944). To 
the writer’s knowledge, there is no com- 
prehensive report on the occurrence of 
this mosquito in brackish waters in the 
literature extant. Notes on the selective 
occurrence of A. crucians bradleyi King 
and Culex salinarius Coq. are also in- 
cluded. 

Metuop.—Sampling stations were se- 
lected for Deep Creek in such a manner 
that the range of salinities of the lagoon 
from minimum to maximum would be 
covered adequately. Otherwise these sta- 
tions were apparently uniform with 
respect to favorability for occurrence of 
Anopheles quadrimaculatus. 

Pint capacity white enamel dippers 
were used in sampling for breeding. After 
collection all fourth stage larvae were 
placed in 95 per cent alcohol and later 
microscopically examined (27x through 
90x) for identification. Keys in King e¢ al. 
(1944) and in Ross & Roberts (1943) were 
used for making determinations. Dr. Alan 


1 Formerly Entomolo, ogist, » Maryland Project, Malaria Control 
ith. 


in War Areas, Maryland State Department of Hea 

2 The writer is indebted to Mr. George L. Hall, Chief Engi- 
neer, Maryland State Board of Health under whose direction 
the work reported — —_ oe on; to Dr. E. N. Cory, 
State Satomaiasict of M uyand for ‘advice and encourage- 
ment; to Dr. W. F. Reindollar, Chief, Bureau of Chemistry, 
Maryland State Board of Health for making the chemical 
determinations; and to Mr. E. H. Shegogue, Engineering Aide, 
Malaria Control in War Areas Activities, U.S.P.HLS., for as- 
aistance with field work during 1945. 


Stone® has kindly verified identifications 
of representative series of anopheline 
larvae from the various salinities reported 
here. Pupae were collected and held for 
emergence. Often additional substantia- 
tion of larval identifications was thereby 
made. 

Water for pH and salinity determina- 
tions was collected in 1-quart glass-stop- 
pered bottles at each sampling station at 
the same time larval inspection was made. 
These samples were tested within 72 hours 
after collection. 

The chemical determinations were 
made by chemists of the Maryland State 
Department of Health. All pH deter- 
minations were made colorimetrically us- 
ing Hellige comparator discs. Salinity was 
determined by the Volhard method and is 
expressed in parts per million soluble 
chlorides. Standard sea water is consid- 
ered to contain 31,000 p.p.m. soluble chlo- 
rides. 

Four barns, usually housing animals at 
night, evenly distributed in close proxim- 
ity to Deep Creek, were checked periodi- 
cally to determine trends of the adult mos- 
quito populations for comparison with 
findings on breeding. 

CHARACTERISTICS OF DEEP CREEK.— 
Deep Creek has been separated from the 
Chesapeake Bay by a barrier beach. 
Through the ages sand and debris, washed 
over the barrier beach by storms, have 
effectively separated the north and south 
arms of Deep Creek by a marshy deposit 
of considerable area. Through this marsh 
a narrow and in many places very shallow 
channel from the north arm connects with 
a common channel of greater depth and 
width leading from the south arm to the 
barrier beach. 

There are no flowing streams emptying 
into Deep Creek. The total watershed 
draining into this lagoon does not exceed 
1.5 square miles. 

Deep Creek is a uniformly shallow body 
of water. It was less than 3 feet deep over 
most of its area during the summer of 1944 


3 Division of Insect Identification of the Bureau of Entomology 
and Plant Quarantine. 
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Table 1.—Monthly precipitation as recorded 
by the U. S. Weather Bureau at Solomons, 
Maryland (16 miles north of Deep Creek). 








—1944— —1945— 





(58rp YEAR 
or Recorp) 


Precipi- De- Precipi- De- 
tation parture tation parture 
(Inches) (Inches) (Inches) (Inches) 


(54TH YEAR 
or Recorp) 








84 —0.22 
51 —0.44 
“14 —2.52 
17 0.00 
-76 +0.67 
07 +1.73 
44 +13.04 
.02 —3.14 
57 +1.62 
37 —0.22 
08 +-1.93 
-26 +3.60 


.30 24 
.53 .58 
.67 41 
.80 63 
47 .62 
71 .63 
.98 42 
.87 29 
.96 .O1 
.83 24 
.38 23 
.19 47 


January 
February 
March 
April 

May 

June 

July 
August 
September 
October 
November 
December 


(Totals) 


W Or WKH HW SHH WO 
— 
Dm tO > eH -1 Or OO HO 20 2 





wo 
~~ 
or 
w 


.69 —0.09 .83 +16.05 





with its greater depths ranging from about 
4 to 6 feet. 

Aquatic plant life was of the horizontal 
type, consisting of sago pondweed, Pota- 
mogeton pectinatus L., with accompanying 
green algae. At the peak of the 1944 
season, these plants formed a luxurious 
matted coverage extending over areas 
of 100 acres (95 per cent) of the north arm 
and 15 acres (20 per cent) of the south 
arm. Apparently as a result of high water 
levels and other associated changes, the 
1945 coverage amounted to only about 
one-fourth of that of 1944. 

The marsh separating the north and 
south arms was characterized by a great 
variety of salt grasses and sedges, with 
saltmarsh cord-grass, Spartina alterni- 
flora, and various rushes, Scirpus spp. 
predominating. 

Salinity data on the various sampling 
stations are to be found in tables 2, 3, and 
4. The consistently higher concentrations 
of the south arm are believed to be due to 
less watershed and greater accessibility to 
storm tides flooding in from the Chesa- 
peake Bay through the outlet channel. 

The higher salinities of 1944 as com- 
pared with those of the first half of 1945 
are accountable on the basis of contrast- 
ing weather conditions. Through much of 
the 1944 season, rather dry weather pre- 
vailed (Table 1), and the water level 
gradually decreased to a minimum on 
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September 1 when Deep Creek appeared 
to be about 5 inches below the high water 
level observed on July 1. The accompany- 
ing increases in salinity during this period 
indicate that losses of water by evapora- 
tion may have been the principal influ- 
ence affecting increased concentration; 
however, on a number of occasions north- 
east storm tides flooded over the barrier 
beach which undoubtedly contributed to 
increasing salinity, especially in the more 
accessible south arm. 

During the first half of the summer of 
1945 a very wet season prevailed with 
rainfall above average during the latter 
part of May, the month of June, and es- 
pecially in July when over 17 inches fell 
(Table 3). As a result of the excessive pre- 
cipitation, the water in Deep Creek con- 
tinued to rise from a rather high level 
attained during the spring until July 16, 
when the barrier beach was topped at a 
level exceeding by almost 2 feet the mini- 
mum observed in 1944. The flood of over- 
flowing water augmented by 2 additional 
days of very heavy rainfall, cut a broad 
deep channel through the barrier beach. 
This outlet persisted after the flood- 
waters subsided, leaving Deep Creek open 
to tidal action of the Chesapeake Bay 
during a period extending from about July 
20 through November 7 when this study 
was concluded. 

The salinity of the north and south 
arms consistently decreased with the in- 
creasing water levels and heavy rainfall of 
July, until the influence of the tidal action 
began shortly after the breaching of the 
barrier beach. Following this last develop- 
ment a period of very rapid increases in 
salinity occurred, being more pronounced 
in the more accessible south arm. 

DistRIBUTION OF Anopheles quadri- 
maculatus IN RELATION TO SALINITY.—In 
tables 2, 3, and 4 are shown the results of 
larval dippings together with pH and 
salinity determinations for each collecting 
station is a graphical representation of 
the salinity trends of the north and south 
arms together with the observed occur- 
rence of A. quadrimaculatus. 

As shown in table 2 the north arm of 
Deep Creek was found to produce Ano- 
pheles quadrimaculatus exclusively during 
the 1944 season while the south arm was 
found to be free of all mosquito larvae 
except for a very sparse occurrence of A. 
crucians bradley. The conclusion as to the 
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Table 2.—Results of chemical determinations and entomological inspection of Deep Creek and 


adjacent lagoon during the 1944 season. 








Num- 
BER 

Salinity OF 
p.p.m. Dips 


Sta- CHEMICAL DaTAa 
TION DaTE 

Num- OF 
BER SAMPLING 





s) 
x 


ANOPHELES LARVAE AND PupaE 





Ave. No. 

Results of Identifications A. quadri- 
(Based upon 4th stage maculatus 
Larvae and pupae only) _ per 10 Dips 


Average 
Number 


per 10 
Dips 





1900 
2300 30 
2100 20 
2100 50 


July 1 
Sept. 1 
Sept. 17 
Oct. 16 


© aoeom 
wo Socwaeo 


1600 30 
1600 0 
1900 10 
1900 140 


June 22 
July 1 
Sept. 1 
Oct. 16 


Sept. 17 20 


60 
2800 70 


coo K~) le ole 2) 
10 i) a6 


Sept. 17 
Oct. 16 


July 1 ; 4400 10 
Aug. 11 a 60 
Sept. 1 6100 60 


4690 0 
6100 180 
6300 420 


July 1 
Sept. 1 
Oct. 16 


North Arm 
20 


. quadrimaculatus 
. quadrimaculatus 
. quadrimaculatus 
. quadrimacutatus 


17.0 
19.6 
$3.0 

6.4 


— OO > 


. quadrimaculatus 


quadrimaculatus 
quadrimaculatus 


ho S Bows 


_ 
aie Song 


. quadrimaculatus 


quadrimaculotus 
. quadrimaculatus 


of = 
2 © 
ay 


. crucians bradleyi 


Outlet Channel 


Sept. 4200 210 


0.29 A. crucians bradleyi 


Adjacent Lagoon 


July 1 8.4 4500 30 


0.66 2 A. crucians bradleyi 





absence of A. quadrimaculatus from the 
south arm is based upon intensive inspec- 
tion except on July 1 when only 10 dips 
were made at Station 5. Altogether 730 
dips were made from July 1 through 
October 16, which contrasts with 450 
dips and 139 identified larvae of A. quadri- 
maculatus for the north arm. 

The chemical data show the pH to be 
similar in both arms of Deep Creek, but 
the salinity is markedly lower in the north 
arm ranging from 1400 to 2800 parts per 
million soluble chloride as compared with 
values ranging from 4400 to 6300 for the 
south arm. Since the plant coverage present 
at the sampling stations was the same for 
both arms of Deep Creek and since there 
was no other observed difference between 
these two portions of the lagoon, the salin- 
ity is considered to have been the factor 
excluding establishment of Anopheles 
quadrimaculatus in the south arm. On this 
basis, the maximum breeding tolerance of 
this mosquito exists somewhere between 


2800 and 4400 p.p.m. soluble chlorides. 

That continuous breeding did not exist 
near 4400 p.p.m. is further evidenced by 
the absence of Anopheles quadrimaculatus 
from a sample of 210 dips made in the 
outlet channel of Deep Creek on Septem- 
ber 1, 1944 at a salinity of 4200 p.p.m. 
soluble chlorides as well as a sample made 
on July 1, 1944 in an adjacent lagoon hav- 
ing a salinity of 4530 p.p.m. soluble chlo- 
rides. As in the case of Deep Creek, these 
situations possessed Sago pondweed and 
algae coverage. Judging by rainfall during 
the month of June together with the ab- 
sence of high storm tides, there is good 
reason to believe the salinities of both 
Deep Creek and the adjacent lagoon dur- 
ing June varied little from those deter- 
mined for July 1. 

Results of the 1945 season are shown in 
tables 3 and 4. It is significant from table 
3 that during the first half of the season 
breeding of Anopheles quadrimaculatus 
was found in the south arm which had 
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Table 3.—Results of chemical determinations and entomological inspection of Deep Creek during 


the pre-tidal period of the 1945 season. 








Num- 
BER 

Salinity OF 
p-p.m. Dips 


Sta- Cuemicat Data 
TION DaTE 

Num- OF 
BER SAMPLING pH 





ANOPHELES LARVAE AND PuPAE 





Ave. No. 
Results of Identifications A. quadri- 
(Based upon 4th stage = maculotus 
Larvae and pupae only) per 10 Dips 


Average 
Number 


per 10 
Dips 





North Arm 


Apr. 27 9.8 1400 200 


May 17 — 1600 240 


Apr. 27 9.1 1400 155 
1500 255 


May 17 
1400 40 


July 2 
Apr. 27 1300 10 


1500 20 
1600 60 


Apr. 27 
May 18 


July 2 1500 90 


. quadrimaculatus .05 
c. bradleyi 
quadrimaculatus 25 
. ¢. bradleyi 


quadrimaculatus 382 
. c. bradleyi 

. quadrimaculatus .67 
. quadrimaculatus .50 


0.025 
1.33 


0.531 


1.29 
6.25 


oer OD Om 
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Small larva .00 
A. quadrimaculatus 
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0.05 
2.38 


10.7 


OO > 
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South Arm 


150 
178 
175 


Apr. 27 
May 17 
July 2 


400 
350 


Apr. 27 
May 17 


July 2 


co 
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. ¢. bradleyi 
quadrimaculatus 


. quadrimaculatus 


c. bradleyi 
. quadrimaculatus 
ce. bradleyi 
. quadrimaculotus 
. ¢. bradleyi 


1.07 
0.39 
3.42 


— 


0.38 
1.51 


os 


10.25 


pdr rr Red 





been reduced in salinity to 2900 p.p.m. sol- 
uble chlorides on May 17. These observa- 
tions substantiate the belief that the 
breeding tolerance of A. quadrimaculatux 
may be high as 2900 p.p.m. soluble chlo- 
rides. Breeding was found as usual in the 
north arm at salinities ranging from 1200 
to 1600 p.p.m. soluble chlorides. There was 
no significant difference in the density of 
identified A. quadrimaculatus breeding 
between the two arms except on April 27 
when apparently this mosquito had not 
yet established itself in the south arm. 
After the rapid increases in salinities 
occurred following the introduction of 
tidal action, larvae and pupae of Anophe- 
les quadrimaculatus were observed surviv- 
ing in salinities as high as 5200 p.p.m. sol- 
uble chlorides (Table 4). Rearing of pupae 
collected on September 28 from Station 1 
yielded an apparently normal female 
Anopheles quadrimaculatus among sev- 
eral A. crucians bradleyi. Based on. an esti- 
mate that the period from egg to fourth 
instar larva takes approximately three 


weeks during the month of September, 
the fourth stage A. quadrimaculatus larvae 
and pupae collected at these high salini- 
ties must have started development at 
salinities near 3000 p.p.m. soluble chlo- 
rides. Therefore, the finding of these larvae 
indicates their ability to survive and de- 
velop when salinities of breeding waters 
are gradually increased from about 3000 
to 5200 p.p.m. soluble chlorides. 

It should be noted that, despite the 
occurrence of appreciable numbers of 
Anopheles quadrimaculatus at salinities 
as high as 52C0 p.p.m. soluble chlorides, a 
definite reduction in density of this species 
was apparent, a fact which cannot be 
considered as being due altogether to 
seasonal decline. Comparison of table 4 
(Station 1), August through September, 
with the corresponding period of 1944 in 
table 2 shows this difference which may 
represent both a mortality and a cessation 
of new breeding as a result of excessive 
salinity. 

The complete absence of Anopheles 
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Table 4.—Results of chemical determinations and entomological inspection of Deep Creek during 


the tidal period of the 1945 season. 








Num- 
BER 
Salinity OF 
p.p.m. Dips 


Sra- CHEMICAL DaTa 
TION Date 

Noum- OF 
BER SAMPLING 





pH 


ANOPHELES LARVAE AND PUPAE 





Ave. No. 
A, quadri- 
maculatus 
per 10 Dips 


Average 

Number 

per 10 
Dips 


Results of Identifications 
(Base upon 4th stage 
Larvae and Pupae only) 





North Arm 


1800 15 


Aug. 24 
5200 220 


Sept. 25 
Sept. 28 


Oct. 17 
Nov. 7 


5000 176 


6000 400 
6100 = 


2800 ae 
5100 85 


Aug. 24 
Sept. 25 
Sept. 28 4800 40 
19 450 _— 

800 — 
8000 250 


July 
July 31 
Aug. 28 


210 — 
3900 — 
5600 150 
6000 — 


July 19 
July 31 
Aug. 24 
Sept. 25 


870 + 


July 19 
3100 200 


July 31 


650 
280 


Aug. 24 om 5600 
Sept. 28 6100 


16.0 
0.18 


A. quadrimaculatus 

8.90 4 A. quadrimaculatus 
41 A. c. bradleyi 

7.15 8 A. quadrimaculatus 

A 

A 


101.3 24 


0.46 
35 A. ec. bradleyi 
0.32 2 A. c. bradleyi 


4.35 10 A. c. bradleyi 


3 A. quadrimaculatus 


59 A. quadrimaculatus 
4 A. c. bradleyi 


7.40 


South Arm 


0.0 


9 A. quadrimaculatus 
3 A. c. bradleyi 
All small larvae 
All small larvae 


1.40 


0.0 
0.0 


0.184 
0.107 





quadrimaculatus on October 19 indicates 
that the maximum survival tolerance of 
this species was reached at or near 5200 
p-p.m. soluble chlorides. Furthermore, 
despite intensive sampling, A. quadri- 
maculatus was not found in the south arm 
at salinities of 5600 and 6100 p.p.m. 
soluble chlorides. These results are a fur- 
ther indication of the inability of A. 
quadrimaculatus either to breed or to sur- 
vive in such high salinities. 

Mosquitoes Associated iwth Anopheles 
quadrimaculatus in Deep Creek—Data in 
tables 3 and 4 also show appreciable oc- 
currence of A. crucians bradleyi through- 
out the 1945 season. It is interesting to 
note that this species was found almost 
exclusively either in the marsh separating 
the north and south arms or in grasses 
growing along the edges of Deep Creek. 
The fact that the marsh and grassy edges 
were high and dry during the 1944 season 
probably accounts for the near absence of 
these mosquitoes from table 2. 


Anopheles crucians bradleyi was hardly 
ever found in pondweed except in the 
spring and fall when moderate numbers 
were observed. It seems that this vegeta- 
tion at sufficiently low salinities during 
the summer breeds A. quadrimaculatus 
exclusively. The fact that substantial 
occurrence of A. crucians bradleyi larvae 
in Sago pondweed was observed only in 
the spring and fall indicates that the 
limiting factor may be one of excessively 
high temperatures being attained during 
the summer months in the shallow, super- 
natant film of water existing between the 
surface and the barely submerged matted 
vegetation. 

Culex salinarius usually occurred with 
A. crucians bradleyi but always in less 
numbers. C. salinarius exhibited the same 
tendencies with respect to vegetation and 
season of occurrence, as A. crucians brad- 
leyi, and was the only other mosquito 
found associated with A. quadrimaculatus 
in Deep Creek. 
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Adult Mosquitoes in the Vicinity of Deep 
Creek—As mentioned at the beginning of 
this paper observation of 2000 to 10,000 
Anopheles quadrimaculatus per barn was 
not unusual at this locality during 1944. 
As a result of reduced breeding surface, 
adult populations were not so heavy in 
1945, 2000-3000 per natural resting place 
being characteristic until late summer. 
Significantly, by September 25, 200 was 
the highest count found in any barn. This 
reduction coincides with the diminution 
of breeding in Deep Creek caused by the 
high salinities resulting from tidal action. 

Adults of Anopheles crucians (presum- 
ably bradleyi) occurred in numbers pro- 
portional to larval findings with practic- 
ally all counts ranging between 20 and 100 
per barn. However, on one occasion (Oc- 
tober 16, 1944), 1050 females were counted 
in a single barn. Adults of Culex salinarius 
were practically absent from resting places 
except in 1945 when moderate numbers 
were seen. It is noteworthy that only three 
females of A. punctipennis (Say) were 
ever seen among the hordes of A. quadri- 
maculatus. The A. punctipennis records 
were made on October 16, 1944 (1 female) 
and on April 27, 1945 (3 females). A. 
atropos D. and K. was never found. 

SumMARY.—Mosquito occurrence in 
Deep Creek, St. Mary’s County, Mary- 
land is described for the summers of 1944 
and 1945 with respect to salinity, pH, and 
types of vegetation. 

Deep Creek was ideally suited for stud- 
ies of salinity tolerance since it presented 
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uniform breeding conditions and at the 
same time a wide range of salinities which 
underwent littleif any short period fluctua- 
tions but which conveniently underwent 
gradual seasonal changes. 

At this locality under relatively con- 
stant salinities, the salinity tolerance for 
continuous substantial occurrence of Ano- 
pheles quadrimaculatus was established to 
be as high as 2900 p.p. soluble chlorides 
(9.4 per cent seawater). At relatively con- 
stant salinities, between 4400 and 6300 
p.p.m. soluble chlorides, A. quadrimacu- 
latus was never found—evidently because 
the critical point of its salinity tolerance 
was exceeded. 

On one occasion, following approxi- 
mately a 13-fold increase in salinity over 
a period of 36 days, considerable numbers 
of Anopheles quadrimaculatus were found 
at concentrations as high as 5200 p.p.m. 
soluble chlorides (16 per cent seawater). 
In this case, it is indicated that the speci- 
mens found were survivors whose develop- 
ment began at lower salinities. 

Anopheles crucians bradleyi and Culex 
salinarius were the only other mosquitoes 
observed to occur in Deep Creek. Both of 
these species seemed to be distributed with 
little regard to salinity, but were found in 
situations where grasses and rushes pro- 
vided emergent vegetation of appreciable 
height. An exception was noted in the 
spring and fall when larvae were found in 
the exposed water surface associated with 
the Sago pondweed-algae coverage. 


LITERATURE CITED 
American Public Health Association. 1936. Standard methods for the examination of water and sewage, 


8th edition: pp. 72, 227. 


Boyd, M. F. 1930. Introduction to malariology. Harvard University Press. Cambridge, Mass. 
Bradley, G. H. and W. V. King. 1941. Bionomics and ecology of Nearctic Anophelines. A sympsoium 
of Human Malaria, Pub. No. 15: American Association for the Advancement of Science: pp. 


79-97. 


Dorsey, C. K. 1944. Mosquito survey activities at Camp Peary, Virginia, Annals Ent. Soc. of America. 


37: 376-87. 


King, W. V., G. H. Bradley, and T. E. McNeel. 1944. The mosquitoes of the southeastern states, 


U.S.D.A. Mise. Pub. No. 336. 


Ross, E. S. and H. R. Roberts. 1943. Mosquito atlas, Part I, The American Entomological Society, 


Philadelphia, Pa. 





Irwin J. Becnel, formerly associate entomologist, 
Louisiana Agricultural Experiment Station, has ac- 
cepted a position as Entomologist in charge of Agri- 
cultural Research for the Freeport Sulphur Com- 
pany. His new address is 1804 American Bank 
Building, New Orleans 5, Louisiana. 











Effect of Clothing Color on the Rate of Attack 
of Aédes Mosquitoes' 
C. M. Growin, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine* 


The color preferences of several genera 
and species of mosquitoes have been 
studied by different investigators. Ko 
(1925) collected the mosquitoes resting on 
pieces of colored cloth which had been 
fixed to the ceiling at regular intervals. He 
concluded that Anopheles preferred yellow, 
white, deep red, and green, to blue, purple, 
red, and black, and that the preference 
was reversed in Culex and Aédes. Brig- 
henti (1930) tested the effects of different 
colored washes on the ceilings of cattle 
sheds on Anopheles maculipennis Meig. 
He found that the order of preference was 
carmine red, violet, chrome yellow, white, 
green, and cobalt blue. 

Brett (1938) investigated the color 
preferences of Aédes aegypti (L.) females 
that were confined in cages. When the 
test colors were compared with black, the 
order of preference was black, red, helio- 
trope, brown, gray, white, blue, khaki, 
green, light khaki, and yellow; when com- 
pared with white, the preference was red, 
black, brown khaki, green, blue, helio- 
trope, yellow, white, and light khaki. 

The purpose of the present investiga- 
tion was to determine what effect differ- 
ent colored clothing would have on the 
biting rate of several species of Aédes 
mosquitoes. 

The tests were made by having one 
man wear shirts of different colors in mos- 
quito-infested areas, while another man 
counted the number of mosquitoes alight- 
ing on them. The counts were made on the 
back of the shirt on the area enclosed by 
the side seams, the sleeve seams, the 
shoulder seams, and the belt line of the 
trousers. 

The shirts were made of broadcloth. 
Seven different colors were tested—black, 
white, red, blue, green, yellow, and tan. 
Each shirt was tested for 4 minutes at a 
time. The counts recorded represent the 
largest number of mosquitoes present on 
the test area at any one time in each con- 
secutive 30-second period. After eight 
such counts, a shirt of a different color 


1 Richmond Program Paper. 

2 The writer wishes to thank H. H. Stage and W. W. Yates 
for assistance in making some of the tests, and F. M. Wadley 
for assistance with mathematical comparisons. 


was worn. The order in which the shirts 
were used was changed in each series of 
tests. 

The tests were made in the shade, unless 
the sky was overcast. Several times during 
the season 10-minute collections of the 
females alighting on the collector’s cloth- 
ing were made to determine the species 
and their relative abundance. 

The first tests were made in the Co- 
lumbia and Willamette River bottoms 
where Aédes lateralis (Meig.) was the pre- 
dominating species. Ten-minute collec- 
tions in these areas had shown that 99 
per cent of the population was of this spe- 
cies, and the remaining 1 per cent A. 
vexans (Meig.) Other tests were made near 
Klamath Falls, Oregon, where the entire 
mosquito population was A. dorsalis 
(Meig.). A few tests were also made in 
meadows near Mt. Adams in Washington, 
where the mosquito population comprised 
about 51 per cent of Aédes hexodontus 
Dyar, 26 per cent of A. communis (Deg.), 
and 23 per cent of A. aboriginis Dyar. 


Table 1.—Mosquitoes counted in half-minute 
tests on different colored shirts worn in the field. 











Aédes Aédes Aédes 
lateralis* dorsalis SPP. 
(176 tests (72 tests (32 tests 
CoLor percolor) percolor) _ per color) 
Black 1499 131 309 
Blue 1334 126 115 
Red 1331 105 125 
Tan 882 77 117 
Green 863 92 86 
Yellow 623 42 70 
White 520 41 63 
Total 7052 614 885 





* 1 per cent of totals were Aédes vezans. 


The mosquito counts for all these tests 
are shown in table 1. Black was the most 
attractive color to all the species tested. 
The color preferences of Aédes lateralis— 
black, blue, red, tan, green, yellow, and 
white in the order named—were similar to 
those of A. dorsalis—black, blue, red, 
green, tan, yellow, and white. Black was 
almost three times as attractive as white, 
and more than twice as attractive as yel- 


low to A. lateralis. 
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Significant differences in the color re- 
sponses of Aedes lateralis occurred be- 
tween all colors except red and blue, green 
and tan, and yellow and white, whereas 
with A. dorsalis and the mixed group of 
species they occurred only between black 
and the other colors tested. 

These tests show that white or yellow 
clothing provides the greatest protection 
from mosquitoes in areas where the test 
species are present, and that black, blue, 
or red clothing provides little protection. 

The spectral reflectances of the cloth in 
shirts used in these tests were determined 
with a Beckman spectrophotometer for the 
wave lengths from 254 to 1000 milli- 
microns.? Readings were taken at intervals 
of about 20 millimicrons throughout this 
range. The average spectral reflectances 
of these colors, based on the readings ob- 
tained in the visible range from 400 to 
750 millimicrons, were black 3.41, blue 
17.5, red 23.7, tan 37.3, green 34.4, yellow 
49.9, and white 74.1. The color prefer- 
ences of Aédes dorsalis follow this same 
sequence of reflectances from black to 
white; those of A. lateralis follow the same 
sequence as the reflectances of the test 
colors in the 254 to 750 millimicron range. 
The reflectances of the test colors in this 
range are black 3.4, blue 17, red 19.6, tan 
31.7, green 32.2, yellow 41.8, and white 
66.6. The correlation between spectral 
reflectances and color preferences of these 
species suggest that they lack the ability 
to distinguish colors, and that colors are 
chosen on the basis of their spectral re- 
flectances. 

Aédes lateralis is a dark colored mos- 
quito and is least visible on black, for 
which it shows the greatest preference. 
A. dorsalis, on the other hand, is a gray 
mosquito, which makes it less visible 
against a background of the tan and red 
colors of this series than against a black 
background. The preference of A. dorsalis 

2 These tests were made by the National Bureau of Standards. 
A freshly prepared magnesium oxide surface was used as the 100- 
per cent standard, and the reflectances of the seven samples 
were measured relative to it. Each sample was measured in a 
single thickness and was backed by a a of white Vitrolite 


glass from 340 to 1000 millimicrons and by a piece of diffusing 
aluminum at 254 and 313 millimicrons, 
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Fig. 1.—Color preferences of Aédes lateralis and A 
dorsalis, as determined by the total numbers alight- 
ing on colored shirts. The degree of preference for 
each color is based on an assigned cs of 100 per 
cent for the mosquitoes counted on a black shirt. 


for black, in spite of its greater visibility 
against a background of that color, indi- 
cates that the reactions which govern its 
choice of colors are not based on protec- 
tive coloration. 

Summary.—The effect of clothing color 
on the rate of attack of several species of 
Aédes mosquitoes was tested. A. lateralis 
(Meig.) preferred black, blue, red, tan, 
green, yellow, and white in the order 
named, whereas A. dorsalis (Meig.) 
preferred black, blue, red, green, tan, 
yellow, and white. A group of mixed spe- 
cies consisting of Aédes hexodontus (Dyer), 
A. communis (Deg.), and A. aboriginis 
Dyar preferred black, red, tan, blue, 
green, yellow, and white. Mosquito attack 
can be greatly reduced by the use of non- 
attractive clothing colors, such as white 
and yellow, in areas where these species 
are present. 

The color preferences of Aédes dorsalis 
follow the same sequence as the spectral 
reflectance values of the test colors in a 
wave-length range from 400 to 750 milli- 
microns, whereas the preferences of A. 
lateralis follow the sequence in the 254- 
to 750-millimicron range. These correla- 
tions suggest that colors are chosen on the 
basis of their spectral reflectances, and 
that these species lack the ability to dis- 
tinguish colors. 
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Residual Sprays to Control Anopheles quadrimaculatus 


LavuRENCcE K, Cutxomp! 


The effectiveness of DDT applied for 
residual toxicity to Anopheles quadri- 
maculatus has been demonstrated by 
many workers. The influence of dosage 
on residual effectiveness was studied in 
the early investigations in the Tennessee 
Valley (Metcalf et al., 1945), and other 
laboratories have reported in considerable 
detail (Fya et al. 1945) on different dosage 
levels. 

During the past two years (1945 and 
1946) other phases of residual insecticide 
application have been studied by the 
Tennessee Valley Authority. In the lab- 
oratory, the effect of formulation, the 
influence of widely varying surfaces and 
a comparison of promising new chlor- 
inated organic insecticides, have been 
investigated. Field studies have involved 
comparisons of these newer insecticides 
under similar conditions and to a certain 
extent their employment in varied condi- 
tions that exist in premise structures. 
The results reported are in the form of a 
progress report as several aspects of the 
work are continuous. 

MarteriAts.—Three insecticides were 
used in the laboratory tests: DDT, 
benzene hexachloride (an equivalent 
quantity of the gamma isomer in technical 
1, 2, 3, 4, 5, 6 hexachlorocyclohexane),? 
and Velsicol 1068 applied as solutions and 
emulsions using the solvent Velsicol 2A 
(a xylene substitute composed principally 
of isopropyl benzene). The emulsifier was 
a mixture of Span 20 and Tween 20+ (sor- 
bitan monolaurate and a polyoxyalkylene 
derivative of sorbitan monolaurate). 
There was evidence that DDT was more 
efficiently deposited on certain surfaces 
with aluminum stearate (Ebeling 1945), 
and the more readily available related 
compound zine stearate was added to 
several of the formulations at the rate of 2 
per cent. A wettable or dispersible DDT 
was also used. 

Field tests over the 2-year period in- 
volved five materials in addition to DDT. 
They include pyrethrins, benzene hexa- 

1 Biology Staff, Malaria Control Division, Health and Safety 


Department, Tennessee Valley Authority, Wilson Dam, 


Alabama. ? f ; 
2 The presence of other materials, particularly isomers, could 
be expected to influence the toxicity somewhat. 
 Velsicol Corporation, Chicago, Lllinois. 
4 Atlas Powder Company, Wilmington, Delaware. 


chloride, a 90-per cent DDT-10 per cent 
benzene hexachloride mixture, and com- 
pounds chlordane® (CipH¢Cls) and Toz- 
aphene (CyoHiCls).6 Tests have been 
made with a wallpaper prepared commer- 
cially with 125 mg. DDT per sq. ft. in the 
printed design.® 

Metnuops.—Laboratory tests have been 
carried out on 6-inch squares of Wall 
board and on clay and whitewash prep- 
arations applied on such boards. The 
clay preparations were red clay subsoil 
collected in the Wilson Dam, Alabama, 
area. Clay applications were at least a 
half inch in thickness, precluding any in- 
fluence the wallboard might have upon 
the insecticide. Whitewash was brushed 
on the air-dried clay surface and the in- 
secticide brushed uniformly on the dry 
surface of board, clay, or whitewash at 
the rate of 100 mg. per sq. ft. Ten to 26 
female mosquitoes 3 days or less in age 
were confined under petri dishtops and 
tested as previously described (Metcalf 
& Wilson, 1945). Laboratory tempera- 
tures varied from 68° to 80° F. The cri- 
terion for knockdown consisted of a deter- 
mination of the time when the mosquito 
could no longer right itself. Such morbid- 
ity-time values give valid comparisons 
and are valuable from the standpoint of 
mortality information since recoveries 
following knockdown with these test 
insecticides, with the exception of pyre- 
thrins, are practically non-existent. Ben- 
zene hexachloride was tested with mos- 
quitoes under a half-petri dish even 
though it is known that a new application 
exhibits vapor toxicity (Metcalf 1946). 
The time differences under screen and 
petri dishes were not great on newly 
treated boards, and the vapor toxicity 
does not affect knockdown values of well- 
aged applications. 

Field tests consisted of applications of 
insecticide emulsions to two unoccupied 
experimental houses (Metcalf e¢ al., 1945) 
papered with heavy brown paper and to 
certain occupied houses, barns, and sheds. 
Knockdown values were obtained in the 
experimental papered houses by liberating 


§ Hercules Powder Company, Wilmington, Delaware. 
Chi 


* United Wallpaper, Inc., Chicago, Illinois. 
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Fig. 1.—Example of method for determining knock- 

down values of female Anopheles quadrimaculatus. 

The comparison includes a benzene hexachloride 

solution, a DDT solution, and a DDT wettable, all 

having been applied to wall board 29 weeks before 
the test. 


insectary or wild mosquitoes. Premise 
structures were near breeding areas and 
weekly mosquito inspections were carried 
out. 

Laporatory Resuutts.—The 100 mg. 
per sq. ft. dosage of the active ingredient 


was arbitrarily chosen since Metcalf et 
al. (1945) and Fay et al. (1945) had pro- 
vided evidence that a range of from 50 
to 300 mg. per sq. ft. produced little dif- 
ference in the reaction of mosquitoes. 
Results of the laboratory tests carried out 
on wallboards squares are given in table 1. 
The times for 50 and 90 per cent knock- 
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down of adult females were obtained by 
combining duplicate tests, grouping indi- 
viduals at 2-minute intervals, determining 
percentages at the time intervals, plotting 
on semi-logarithmic graph paper, and 
fitting a straight line to the data (Fig. 1). 

DDT preparations, with the exception 
of the emulsion-stearate combination, all 
produce more rapid knockdowns than 
benzene hexachloride or chlordane prepa- 
rations at the 29 week test period. Benzene 
hexachloride had been more rapid in the 
earlier tests. The addition of zine stearate 
to a DDT solution appeared of value 
through the 16-week test period, but at 29 
weeks this increased effectiveness was not 
evident except with the combination of 
zinc stearate and Velsicol 1068 emulsion. 
Zinc stearate appeared to be quite detri- 
mental when in combination with a DDT 
emulsion. After aging, solutions of both 
DDT and Velsicol 1068 gave more rapid 
knockdown values than the respective 
emulsions. DDT solutions and the wet- 
table form of DDT gave about equally 
rapid knockdown through the 16-week 
period, but the wettable product was more 
rapid at 29 weeks. The slow action of the 
new application of DDT as a wettable 
dust spray has no ready explanation. Its 
comparatively rapid action at 29 and 30 
weeks has been consistently demonstrated 
in a number of replications. 

Results from the clay surface tests 
showed within one week that a Velsicol 
1068 emulsion or solution was not suit- 


Table 1.—A comparison of several formulations of DDT, Velsicel 1068, and benzene hexachloride 
applied as residual sprays on wall board, Using unfed Anopheles quadrimaculatus females less than 
72 Hrs. of Age. Application rate: 100 mg. per sq. ft. 








MrnvtEs ror Knockpown oF 50 AND 90 2ER Cent 





New 


1 Wk. 15 Wks. 29 Wks. 





INSECTICIDES ADJUVANT 50 


90 50 90 90 50 90 





None 62 
None 43 
Zinc Stearate 30 
None 30 
Zinc Stearate 44 


Wettable DDT 
DDT Solution 
DDT Solution 
DDT Emulsion 
DDT Emulsion 
Benzene-hexachloride 
Solution 
Benzene-hexachloride 
Solution 
Chlordane? Solution 
Chlordane Solution 
Chlordane Emulsion 
Chlordane Emulsion 


None 16! 
Zinc Stearate 17} 
None 37 
Zinc Stearate 42 
None 62 
Zine Stearate 54 


76 26 33 52 48 59 
54 46 58 37 64 90 
39 32 39 32 71 99 
48 — _ 68 80 
66 aa ah 73 170 


21! 12 17 33 91 


241 13 16 33 91 
44 55 65 58 160 
48 65 77 71 
71 —_ — 85 
63 <= —_ 74 


224 
206 





1 Tested under screen eliminating fumigating action, but permitting untreated resting places. 


2 Velsicol 1068. 
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Table 2.—Approximate knockdown times for 50 per cent of unfed Anopheles quadrimaculatus 
females with Velsicol 1068 applied on a clay sub-soil base at the rate of 100 mg. per sq. ft. 








AGE OF 


FoRMULATION APPLICATION 


WHITEWASH-SALT 
on CLAY 


WHITEWASH 
on CLay 


Ciay 
ONLY 





24 hrs. 
72 hrs. 
1 wk. 


Solution 


24 hrs. 
48 hrs. 
1 wk. 


Solution and Zinc Stearate 


48 hrs. 
1 wk. 


Emulsion 


50 min. -- 20 min. 
100 min. 95 min. os 
220 min. 200 min. 250 min. 


90 min. 90 min. 


295 min. 205 min. 


70 min. 
150 min, 


120 min. — 
130 min. — 





able for residual application on this type 
of background (Table 2). Tests. with 
Velsicol 1068 on clay were discontinued 
after one week. 

The relative effectiveness of benzene 
hexachloride and DDT as solutions and 
emulsions is reflected in the knockdown 
values obtained on clay surfaces (Table 
3). All benzene hexachloride formulations 
were effective throughout, while DDT 
preparations had lost most of their effec- 
tiveness at the end of 25 weeks although 
the emulsion retained some toxicity. All 
knockdown values are greater than com- 
parable materials applied to wall board 
squares. It should be noted that where 
DDT was most effective on the wall 
board squares benzene hexachloride gave 
superior results on the clay surfaces, in- 
cluding those with whitewash prepara- 
tions. Based on values obtained, the salt 
in whitewash surface appeared to be 
most suited for the DDT emulsion and the 
benzene hexachloride solution. Whether 
benzene hexachloride would be more 


effective on other highly absorbent sur- 
faces has not been shown. One possible 
explanation of DDT decomposition and 
loss of toxicity on clay might be that cer- 
tain catalysts, such as iron, are present 
and have a lesser influence on the toxic 
qualities of benzene hexachloride. Gunther 
& Tow (1947) have shown that iron does 
not have such a marked catalytic action 
on benzene hexachloride. The parallel 
loss of DDT toxic action on a whitewash 
layer and a clay makes the explanation 
of a chemical catalytic decomposition 
somewhat less tenable, although it is not 
completely ruled out because of the por- 
osity of the whitewash layer. The rapid 
loss of toxicity chlordane which is a 
liquid, was not unexpected. 

Fretp Resuuts.—Six materials have 
been tested for residual toxicity in the 
unoccupied experimental houses. Metcalf 
et al. (1945) have pointed out that occu- 
pied houses lost their toxicity more rap- 
idly than uninhabited experimental 
houses. In viewing the results (Fig. 2), 


Table 3.—A comparison of DDT and benzene hexachloride formulations applied to a clay subsoil 


base. Values are knockdown times for 50 per cent of unfed Anofheles quadrimaculatus females less 
than 72 hours old. Ninety per cent knockdown values are included at the 25-week period. 








New 1 Monta 25 WEEKS 





Salt- 
White- White- 
wash wash 


Salt- 
White- White- 
wash wash 


Salt- 
Whitewash 


50% 90% 


Whitewash 


Clay 
50% 90% 





InsecticipE Clay 


FORMULATIONS 


DDT 
Solution 1:20 
Solution plus 

zine stearate 0:35 1:05 
Emulsion 0:48 -- 


50% 90% 





0:42! 2:45 1:30 2:05 >10:00 


>15:00 
8:40 


>15:00 >12:00 >20:00 


>20:00 9:00 >12:00 
>12:00 _ 


>12:00 >20:00 


1:45! _ _ 
2:00 _ 1:50 6:00 7:45 
Benzene 
hexachloride 
Solution 0:12 0:27 0:15 0:18 
Solution plus 
zine Stearate 0:19 0:14 _ _ _— _ 
Emulsion 0:12 — 0:10 0:14 _ 0:12 
Control 20 to 24 hrs. on above untreated surfaces. 





1 Time values are hours and minutes. 
2 Tested at 3 wks. 
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Fic. 2.—Residual toxicity to Anopheles quadrimacu- 
latus of different materials applied in unoccupied 
experimental houses. The wallpaper contained DDT 
in the printing at the rate of 125 mg./sq. ft. and was 
applied in an occupied house. Other rates of applica- 
tion in mgs. per sq. ft. follow: DDT—250, CioHeCls 
—170, CioHioCls—160, DDT-benzene hexachloride 
—103, benzene hexachloride—100, and pyrethrins— 
200. Benzene hexachloride tested at 1 year gave 100 
per cent knockdown and 100 per cent mortality in 
less than 240 minutes. The pyrethrins residual was 
ineffective a year after application. 


it should be borne in mind that the in- 
secticides were under very favorable con- 
ditions in unoccupied houses. The pyre- 
thrin spray is outstanding with 100 per 
cent knockdown in less than 2 months, 
but this material is subject to oxidation 
when exposed to light and air circulation, 
both of which are minimized in these ex- 
perimental houses since they are closed 
except during each testing period. As 
mentioned previously, recovery following 
knockdown is evident with pyrethrins. 
This recovery becomes greater as the 
treatment ages. The rapid knockdown 
time with benzene hexachloride over at 
least a 3-month period is quite evident, 
and this material exhibited complete 
knockdown with 100 per cent mortality 
a year after application in an unoccupied 
house. Pyrethrins gave no evident toxi- 
city at the end of a year. Field observa- 
tions in occupied houses (qualitative only) 
have indicated that the toxic effects of 
DDT to mosquitoes and flies persist more 
than a year after application. The addi- 
tion of 10 per cent of the gamma isomer of 
technical benzene hexachloride to a DDT 
spray was effective in increasing the rap- 
idity of the toxic effects over an 8-week 
period, but at 16 weeks this mixture had 
about the same speed of toxic action as 
DDT alone. The use of this combination 
may not be practical if it is allowed to 
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stand for a period of time as Gunther & 
Tow (1947) have found that materials in 
technical benzene hexachloride decom- 
pose DDT, at least when heated. Toxa- 
phene produced rather slow initial knock- 
down times but its persistence over a 12- 
week period compares very favorably with 
other residual applications. The compari- 
sons (Fig. 2) must be viewed with certain 
reservations, particularly noting the fact 
that the dosages are not equal. The im- 
portance of dosage rate deserves further 
study. 

The results obtained in an occupied 
house where walls were papered with 
wallpaper containing DDT (125 mg. per 
sq. ft.) in the printed design are included 
in figure 2. This preparation compares 
quite well with DDT sprays although its 
action appears somewhat slower. 

Chlordane applied as a residual spray to 
six barns or sheds produced a marked re- 
duction in resting Anopheles quadrimacu- 
latus, but the effect was not as prolonged 
or as complete as obtained with DDT 
sprays in nearby areas (Table 4). 


Table 4.—Season inspection records in treated 
barns showing actual counts of Anopheles quadri- 
maculatus mosjuitoes before and after an insec- 
ticidal application at a rate of 200 mg. per sq. ft. 








AFTER TREATMENT 
INSPECTIONS 





BEFORE 
TREAT- 
MENT! 


1 2 3 
MATERIAL New Mo. Mos. Mos. 
DDT 
DDT 


Chlordane 26 9 
Chlordane 12 16 
Chlordane 10 2 
Chlordane 190? 106 


Untreated 66 
Untreated 102 





100 0 0 
500 1 


349 
370 





1DDT omaye applied May 22 and May 27; chlordane sprays 
applied July 5. ‘ 

Y pana spray applied to hog shed with all-metal roof and 
walls, 


Although there is wide variation in 
untreated barns, the above two were se- 
lected as fairly representative in showing 
the relative abundance of mosquitoes 
throughout the season. The results reveal 
the ineffectiveness of the chlordane spray 
a week after application on an _all- 
metal shed. 

One comparative study involving ihe 
reaction patterns of adult mosquitoes to 
residual insecticides is obtained from per- 
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centages of mosquitoes leaving the ex- 
perimental house during the test period. 
Metcalf et al. (1945) studied this type of 
irritant effect exhibited by DDT, and it is 
of interest to compare other residual in- 
secticides with DDT. Table 5 shows the 
contrasts between compounds applied in 
the unoccupied experimental houses. Tox- 
aphene produced relatively little change 


Table 5.—Influence of residual insecticides on 
activity of Anopheles quadrimaculatus mos- 
quitoes liberated in the experimental houses. 








Apptica- Days Toran Per Cent 
TION Rate AFTER Mos- LEAVING 
Insecticipe M4a./Sq.Fr.Sprayinc quitors Hovse 
DDT | 250 86 460 57 
Pyrethrins 200 100 249 80 
Benzene 
hexachloride 100 91 264 8.3 
90% DDT-10% 
nzene 
hexachloride 103 17 117 8.5 
Tozaphene 160 84 514 3.5 








in the activities of mosquitoes until they 
were affected severely enough to be unable 
to maintain their normal resting positions. 
Many mosquitoes subjected to this ma- 
terial continued their biting and blood- 
seeking habits. With DDT a large per- 
centage of the mosquitoes show a partial 
reversal of phototropic responses and seek 
an area with more light. Such a response 
did not take place with benzenehexachlo- 
ride since the percentage leaving the 
treated house was low. 

BioLogicaL Factors.—Observations 
indicating differences in susceptibility and 
resistance of Anopheles quadrimaculatus 
have been obtained during these studies. 
The greater susceptibility of males to in- 
secticides in the experimental houses (Fig. 
3) is evident in insectary-reared and wild 
mosquitoes. Tarzwell & Stierli (1945) had 
pointed out this difference with DDT re- 
sidual surfaces. Other biological variations 
which appear consistent with both DDT 
and benzene hexachloride are in agree- 
ment with the findings of David (1946) 
who has made a rather complete study of 
the reactions of Aédes aegypti subjected to 
DDT and pyrethrum space sprays. The 
differences noted in the present study have 
included: (1) females fed en blood for from 
8 to 24 hours before testing were not af- 
fected as rapidly as females of the same 
age fed on sugar water; (2) females which 
had emerged for 7 days and were not 
blood fed were more quickly affected than 
unfed females 1 to 3 days old; and (8) 
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blood-fed females 7 days old were affected 
somewhat more quickly than unfed fe- 
males 2-3 days old. Other investigators 
have undoubtedly observed such differ- 
ences, but recognition of their influence on 
toxicity should be emphasized. 

SUMMARY AND Conc.usions.—The re- 
sidual effectiveness of various sprays has 
been studied in the past two years. The 
knockdown time values for female Anoph- 
eles quadrimaculatus have served as an in- 
dex of the toxicity of certain insecticides 
and their formulations. Both laboratory 
and field investigations have been carried 
out. Results are as follows: 

1. The type of surface for residual in- 
secticide application is highly important. 
At the end of 29 weeks DDT was more 
effective than benzene hexachloride or 
chlordane applied on a beaver wall board. 
Benzene xheachloride had produced more 
rapid toxic effects than DDT when res- 
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Fic. 3.—A comparison of knockdown values for both 
sexes of Anopheles quadrimaculatus tested with 
three different spray residues applied in unoccupied 
experimental houses. Age of residues at testing 
period wasasfollows: DDT-benzene hexachloride—57 
days, CioHioCls—84 days, CioHsCls—88 days. Wild 
mosquitoes were used except with C,oHioCls where 
insectary-reared mosquitoes were employed. 


idues were not so old. On a clay subsoil 
surface DDT formulations were not as ef- 
fective as benzene hexachloride. The tox- 
icity of Velsicol 1068 on clay was very low 
after one week. All three materials were 
— more effective on wall board than on 
clay. 

2. The formulations of insecticides did 
not appear to be as important as the com- 
pounds under test. The wettable or dis- 
persible type of DDT and solutions of 
DDT and benzene hexachloride did not 
differ markedly through a 16-week period 
on wall board, 29 weeks the wettable 
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DDT gave somewhat more rapid effects. 
Emulsions of both DDT and benzene 
hexachloride were more effective than 
solutions on clay, but solutions appeared 
more satisfactory than emulsions on 
wall board. 

3. Field tests in occupied and unoc- 
cupied structures indicate residual tox- 
icity of three months or longer with DDT 
(spray or incorporated in wallpaper), ben- 
zene hexachloride, a mixture of DDT (90 
per cent) and benzene hexachloride (10 
per cent), Toxaphene and pyrethrins. At 
this period, recoveries following knock- 
down were evident only with pyrethrins, 
Velsicol 1068 may be effective for this pe- 
riod under certain conditions. Pyrethrins 
and benzene hexachloride produced the 
most rapid knockdown through the 3- 
month test period. Under certain condi- 
tions both DDT and benzene hexachlo- 
ride exhibit residual toxicity for one year 
or more. This prolonged residual effect has 
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not been shown by pyrethrins or Velsicol 
1068 4. The reaction patterns differed 
when mosquitoes were exposed to DDT, 
Toxaphene, and benzene hexachloride. 
The irritant effect produced by DDT is 
much less apparent with Toxraphene. 

5. All test materials produced more 
rapid effects on male mosquitoes. Obser- 
vations on other biological factors indicate 
that older females are more susceptible 
than younger ones and also that mos- 
quitoes without a blood meal are more 
susceptible than blood-fed specimens.\—1- 
16-47, 
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Nosema Losses in Package Bees as Related to Queen 
Supersedure and Honey Yields' 


C. L. Farrar, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine* 


Beekeepers in the North depend on 
package bees from the South to increase 
their number of colonies or to replace 
winter losses. A few prefer to restock 
apiaries with package bees rather than at- 
tempt to overwinter colonies. Each year 
there are thousands of new beekeepers 
who use package bees to start colonies. In 
1945 there were 479,085 packages (1.25 


1 Richmond Program Paper. 
2 In cooperation with the Wisconsin Agricultural Experiment 
Station. 


million pounds of bees) and 874,600 
queens shipped from the southern States 
and California. For several years the de- 
mand for bees and queens has exceeded 
the supply during April and May, the 
period when new colonies can be estab- 
lished most profitably. 

The growth of the package-bee industry 
during the last 25 years attests the im- 
portance of packages in modern beekeep- 
ing. The need for more bees to provide for 
the pollination of agricultural crops in- 
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Table 1.—Queen losses due to abnormal supersedure 1938 to 1946. 
QuerEns Lost QUEENS 
vOSEMA- Not Founp, 
NUMBER OF First Second Second INFECTED PROBABLY 
YEAR PAcKAGES 2 Weeks 2 Weeks Month QUEENS INFECTED 
1938 143 5 7 8 
1939 130 2 4 5} No observations 
1940 220 6 16 18 
1941 150 ll 18 9 3 
1942 180 3 9 14 ll 7 
1943 167 ll 9 ll 14 12 
1944 170 22 52 12 48 35 
1945 190 7 . 8 3 7 3 
1946 190 4 7 6 10 5 
Total 1,540 71 125 86 93 62 
1942-1946 47 80 46 90 62 





sures an expanding demand for some time 
to come. The productive performance of 
package colonies, however, has been ex- 
tremely variable. In too many shipments 
there are heavy losses through queen 
supersedure, poor stock, or delayed de- 
livery. Furthermore, the buyer often fails 
to provide adequate pollen and honey to 
support the brood rearing necessary for 
building large colonies. 

Queen supersedure was recognized as a 
critical problem in the early development 
of the package-bee industry, and in 1935 
a Federal project on supersedure was 
started to investigate causes and remedial 
measures. Experiments were set up to test 
many theories that had been advanced by 
beekeepers. By 1938 the conclusion was 
drawn that quality of stock was a major 
factor in supersedure, since the loss of 
queens was proportionately lower among 
stock groups showing high productivity 
and higher among those showing low pro- 
ductivity, based upon honey yields ob- 
tained from the colonies headed by 
surviving sister queens (Farrar & Schaefer 
1939). This was a fortunate conclusion 
even though it has since been proved er- 
roneous. It focused attention on stock 
characteristics and the opportunity for 
improvement through selection and breed- 
ing. Some of the poorest queens tested 
have not been superseded, whereas not 
infrequently outstanding queens, judged 
by the quality and quantity of their 
brood, suddenly stopped laying and were 


lost. 
In later Federal work Nosema disease 


was shown to be largely responsible for 
the abnormal supersedure of queens in 


package colonies (Farrar 1942; 1944). 
Even though a queen may escape infec- 
tion, the development of the colony is 
retarded more or less in proportion to the 
degree of infection in the original package 
population. The purpose of this paper is 
to summarize the evidence found against 
the protozoan Nosema apis, particularly 
as it relates to package bees. 

QvuEEN Losses AMONG PackKaGE BEEs. 
—Most queen losses may be grouped into 
five categories: (1) Introduction losses, 
(2) abnormal and drone-laying queens, 
(3) abnormal supersedure of queens that 
lay normally, (4) accidental loss during 
hive manipulations, and (5) the normal 
supersedure of failing or worn-out queens. 
The abnormal supersedure is most serious 
and may extend through the first 2 months 
after the packages are established. Al- 
though the association between Nosema 
and the abnormal supersedure of queens 
was not established until 1941, the queen 
losses for the period 1938 to 1946 are 
recorded in table 1. 

The first queens examined for Nosema 
infection were removed from their colonies 
in June 1941. They had laid normally for 
about 2 months, but suddenly stopped 
laying, became sluggish, and most of their 
last eggs shriveled and failed to hatch. All 
were found to be heavily infected with 
Nosema. Previously, many queens had 
been observed to manifest similar symp- 
toms, but the superseded queens either 
were not found or they were not examined 
for Nosema. Since the spring of 1942 an 
effort has been made to recover as many 
superseded queens as possible and to as- 
sociate colony symptoms where the 
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queens were not found with those charac- 
teristic of supersedures where the queens 
were found infected. During the 9-year 
period approximately 18 per cent of the 
queens used were superseded abnormally. 
Investigations of the problem since 1942 
indicate that at least 88 per cent of this 
loss can be attributed to the infection of 
the queen by the protozoan Nosema apis. 

NoseMa-INOCULATED QUEENS.—In the 
course of these investigations, queens that 
were allowed to feed on sugar sirup con- 
taining five or six spores per microscopic 
field (400X) manifested symptoms identi- 
cal to those exhibited by queens naturally 
infected prior to supersedure. The inocu- 
lated queens appeared to lay normally for 
a period of 1 to 7 weeks. The infected 
queens then suddenly stopped laying, and 
many of the last eggs shriveled and failed 
to hatch. 

Occasionally a colony is unable to start 
queen cells because the last eggs fail to 
hatch and the larvae present in the colony 
are too old to be developed into queens. 
The infected queen becomes sluggish and 
may remain in the hive several days be- 
fore death, or she may crawl out of the 
hive, as evidenced by her position to one 
side of or even back of the hive. When 
carried out by the bees, she usually is 
found in front within a distance of 6 feet. 
A sluggish queen, upon dissection, shows 
a typical swollen milky-white ventriculus 
containing millions of Nosema spores, 
when a smear is examined under the 
microscope (Fig. 1). 

On February 1, 1944, 13 queens were 
removed from colonies and allowed to feed 
on inoculated sirup for at least an hour. 
They were then supplied with uncon- 
taminated sirup. Of 5 queens that were 
caged without attendants, 4 died on the 
11th day and 1 was in a weakened con- 
dition. All 5 queens showed infection 
when smears of the ventriculus were ex- 
amined. The eight other queens were pro- 
vided with young atttendant bees and 
were successfully introduced into colonies 
on February 18. One queen was super- 
seded about February 25. The others laid 
for varying periods up to March 13, when 
they were examined and found infected. 
Three queens had a few scattered eggs and 
sealed cells but no larvae, in contrast to 
the active brood rearing in similar colonies 
headed by uninoculated queens. A normal 
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queen that was substituted in one of the 
colonies on March 13 had 2.5 frames of 
normal brood 12 days later. 

Early in August, 45 queens were re- 
moved from their colonies and caged indi- 
vidually on dry comb under push-in 
cages. One cell filled with the inoculated 
sirup was available for each queen. The 
unattended queens were returned to their 
colonies after they had been observed to 
feed on the sirup. Five packages of bees 
were sprayed with the inoculated sirup 
and the next day were installed in hives 
with young queens just starting to lay. 
One of the inoculated queens was lost 
through manipulation, but 33 of the other 
49 in the two lots were superseded within 
10 to 30 days, 13 were superseded within 
81 to 46 days, and 3 excaped infection. 
The latter showed no spores when ex- 
amined after 9 weeks. The five queens 
added to the inoculated package bees be- 
came infected and were among those 
superseded within the first 30 days. 

NoseMA-INFECTED ATTENDANT BEES 
IN QuEEN CaceEs.—In 1945, 34 out of 39 
queens from two commercial sources were 
accompanied by one or more infected at- 
tendant bees. In 1946, 41 out of 62 cages 
from commercial sources showed from 1 
to 5 infected attendants, and 1 infected 
queen was found. Other miscellaneous 
shipments of queens have shown infected 
attendants, and an occasional queen dead 
on arrival has been found infected. How- 
ever, other causes, particularly overheat- 
ing, are more likely to be responsible for 
losses during the short period queens are 
in the mail. 

In an attempt to reduce the danger of 
including infected attendant bees, queens 
from the Southern States Bee Culture 
Laboratory were provided with attend- 
ants taken from a colony that had been 
moved twice at 2-day intervals to elimi- 
nate field bees. Only a single infected at- 
tendant was found in each of 2 cages out 
of 28 received. This is in decided contrast 
to findings among other shipments of 
queens from that laboratory when the 
precautions for eliminating field bees had 
not been taken. 

NosEMA IN SOUTHERN COLONIES AND 
Nuc e1.—Nosema appears to be as wide- 
spread in southern as in northern apiaries. 
Every shipment of package-bees ex- 
amined, regardless of the originating state 
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or source, has shown some Nosema infec- 
tion when sampled upon arrival. The de- 
gree of infection among lots, even from the 
same source, has varied from negligible to 
100 per cent. 

Eight apiaries in Mississippi, Louisiana, 
and Alabama were visited in March 1945. 
Nosema-infected bees were found in small 
samples taken from 51 per cent of 65 
colonies and 65 per cent of 123 nuclei. The 
colonies and nuclei were sampled at ran- 
dom, no effort being made to sample 
those in poor condition. In one queen- 
mating yard all the samples taken from 
11 nuclei started with package bees with- 
out brood showed infection, whereas only 
7 out of 15 showed infection where a comb 
of sealed brood had been added. The pres- 
ence of brood did not eliminate the infec- 
tion, but it decreased the proportionate 
number of infected bees by the addition 
of young emerging bees. 

INCIDENCE OF Nosema Amonea Pack- 
AGES.—Since 1942, samples of 10 to 15 live 
bees have been dipped from the cluster of 
each package upon arrival and examined 
in mass for Nosema infection. Since the 
samples represent only approximately 0.1 
per cent of the total number of bees in a 
package, a negative sample does not 
necessarily indicate the absence of in- 
fected bees in a package. 

The 1945 and 1946 package populations 
were again sampled during the third week 
after introduction just prior to the emer- 
gence of the first young bees. To deter- 
mine the percentage of infection in the 
colonies, from 10 to 40 individual bees 
from each were examined. The percentage 
of infected to noninfected bees varied 
greatly among the colonies, some showing 
100 per cent. The percentages of infected 
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Table 2.—Nosema infection in package bees. 








INFECTED SAMPLES 





After 3 Weeks 


On 
Year Pacxkaces Arrival 





Number Per Cent Per Cent 
1942 | 180 90 
1943 167 52 
1944 170 62 
1945 190 30 90 


1946 190 32 74 


No observation 





samples from packages on arrival, and 
from the colony populations, are given in 
table 2. 

Errect oF Nosema on Broop Pro- 
pucTIoN.—When the area of sealed brood 
measured 3 weeks after introduction, was 
correlated with the percentage of Nosema 
infection during the third week, negative 
correlation coefficients of —0.31 and 
—0.42 were obtained, respectively, in 
1945 and 1946 for approximately 190 
colonies each year. These data indicate 
that the presence of Nosema had a de- 
pressing effect on brood rearing somewhat 
proportional to the percentage of Nosema 
infection among the worker bees. Colonies 
showing infection of 60 to 100 per cent had 
an average of 100 to 125 square inches less 
brood than colonies showing 10 per cent 
or less infection. Variations in the number 
and age of bees making up each package, 
as well as in the productivity of the 
queens, obviously lowered the association 
between measured brood and degree of 
infection. 

Errect OF NoseMA ON Honey YIELDs. 
—The honey yields from the package 
colonies varied with the degree of Nosema 
infection in the package populations 3 


Table 3.—Average honey yields of package-bee colonies with different percentages of Nosema in- 


fection 3 weeks after installation. 








0 To 10 Per Cent 


20 to 50 Per Cent 


60 to 100 Per Cent 





Supersedure 
Replacement 
Queen 


Original 


YEAR Queen 


Original 


Queen 


Supersedure 
Replacement 
Queen 


Supersedure 
Replacement 
Queen 


Original 
Queen 





Pounds 

182 (25) 

—12 (20) 
3 (5) 


Pounds 
267 (37)! 
9 (60) 
20 (38) 


1945 
1946 
1946? 


Pounds 
244 (50) 
0 (33) 
5 (24) 


Pounds 
156 (13) 
—8 (14) 
—8 (14) 


Pounds 

213 (12) 
—2 (47) 
—3 (44) 


Pounds 

179 (50) 
8 (10) 
8 (9) 





1 Numbers in parentheses refer to number of colonies. 
2 1 yard omitted. 
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weeks after the packages were installed. 

Colonies in the low-infection group that 
retained their original queens averaged 
54 pounds more surplus honey in 1945 
than those in the high-infection group. 
They averaged 111 pounds more honey 
than the colonies in the high-infection 
group that superseded or had their queens 
replaced. The queen losses in the high- 
infection group were due largely to the 
queens themselves becoming infected. 

No major honey flow developed in 
1946; so the yields are given in gains or 
losses of honey above the reserve stores 
provided in the spring (190 packages 
averaged +0.9 lb.). One apirary location 
having the poorest honey flow was repre- 
sented by 40 colonies in the low-infection 
group while there were only 10 in the 
intermediate—and 1 in the high-infection 
classes. Omitting the colonies of this yard, 
38 colonies in the low-infection group that 
retained their original queens produced 23 
pounds more honey than 44 colonies in the 
high-infection group, and 28 pounds more 
than colonies in the latter group that 
superseded or had their queens replaced. 

Discussion.—Nosema disease is so 
widespread in both the North and the 
South that users of package bees must 
anticipate losses in queens and in produc- 
tive efficiency of the colonies. Funda- 
mental studies are urgently needed, both 
of the organism Nosema apis and of its 
parasitism in the honey-bee. 

The importance of Nosema in produc- 
tive beekeeping has been overlooked, be- 
cause the organism seldom causes death 
of the colony. It reduces the length of the 
life of the individual bee or queen. 
Throughout the beekeeping industry the 
losses, measured by reduced production, 
attributable to Nosema may equal or ex- 
ceed those caused by the better known 
brood diseases. 

Beekeepers who use package bees can 
reduce their losses by maintaining reserve 
queens in nuclei for prompt replacement 
of those superseded. Package colonies 
must be provided with adequate honey 
and pollen reserves, since a rapid addition 
of young bees will decrease the percentage 
of infection within the colony. Adding 
combs of brood from strong overwintered 
colonies to packages should be helpful for 
the same reason. Colonies located in full 
sunlight suffer less from Nosema than do 
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those in the shade. Sunlight stimulates 
the flight of bees, and those weakened by 
Nosema are less likely to return to the 
hive. 

Producers of package bees and queens 
should adopt practices that will decrease 
the chances of queen infection while in the 
mating nuclei or during shipment. A 
greater effort should be made to stock 
nuclei with only young bees and to provide 
them with brood. Each queen should be 
allowed to lay sufficient eggs to assure 
more or less continuous emergence of 
young bees. To accomplish this, somewhat 
larger nucleus hives may have to be sub- 
stituted for the usual “baby” nucleus. 
Attendant bees for queen cages should be 
taken from a colony so manipulated as to 
free it of the older bees, rather than from 
the nuclei. 

Colonies operated for package-bee pro- 
duction should be managed so that brood 
rearing will be maintained at a high level. 
Packages filled by shaking the bees from 
brood combs onto a queen excluder in the 
top of an open-type funnel probably will 
contain fewer infected bees than when 
the deep-type funnel is used. The older 
bees tend to fly off of the excluder, 
whereas the younger bees crawl through 
and can be shaken into the package. The 
smoke-up method now in general use 
includes both old and young bees indis- 
criminately and may result in a high 
Nosema infection. 

Other operating factors will contribute 
to variations in Nosema infections among 
the bees shipped from any one source. The 
degree of infection is not necessarily uni- 
form among the colonies in an apiary. The 
weather conditions at the time of shaking 
influence the percentage of field bees that 
may be away from the hive. Colonies that 
have been shaken one or more times 
probably will contain fewer old bees. The 
shaking method employed will affect the 
subsequent balance between the old and 
young age groups. The honey-flow con- 
ditions prior to and during the shaking 
season appear important. Nosema-in- 
fected bees manifest the crawling symp- 
toms at the beginning of a heavy honey 
flow. The weak, infected bees presumably 
are unable to handle large quantities of 
nectar, and are therefore lost more rapidly 
from the hive than at any other time.— 
12-11-46. 
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Sulfathiazole for American Foul Brood Disease of 
Honey-bees: Second Report'** 


J. Peter Jounson, Conn. Agr. Expt. Station, New Haven 


In the fall of 1945, the writers reported 
(Johnson & Stadel 1945) on one season of 
work with sulfathiazole for the control of 
American foul brood of honey-bees. Eight 
colonies with the disease were used in the 
experiments. Seven of these received 
treatment and one served as an untreated 
control. Sulfathiazole, purchased in the 
tablet form, was used at the rate of 0.5 
gram to one gallon of sugar and water 
(mixture 1 to 1 by volume) or in water 
alone. The sulfathiazole-sugar-water mix- 
ture in every case was fed directly to the 
colonies, while the sulfathiazole-water 
mixture, though likewise fed, was in one 


case sprayed directly onto the brood 
frames at weekly intervals. 

All the colonies receiving sulfathiazole 
in 1945, regardless of the method of treat- 
ment, responded favorably. Every colony 


receiving the  sulfathiazole-sugar-water 
mixture, and these included hives 1 
through 6 inclusive, eliminated all visual 
evidence of the disease before the last of 
the brood emerged in the fall. A small 
number of dead diseased larvae were still 
being found in colony 7 which had been 
sprayed at weekly intervals with the sul- 
fathiazole-water mixture. The untreated 
control was weakened to such an extent 
by the disease that it was fumigated in the 
first week of October and removed from 
the apiary. 

As the fall season was very short, the 
remaining colonies were prepared for 
winter by reducing the size of the en- 
trances, removing all supers and leaving 
only the brood and food chambers. More 
than 50 pounds of honey were left in each 
hive for winter stores. Winter packing 
consisted of placing a shallow super con- 
taining a burlap bag partially filled with 


1 Richmond Program Papers. 

2 The first section of this report deals with results obtained 
in 1946 in hives treated with sulfathiazole in 1945. 

3 Roy Stadel collaborated in the project. 


dry leaves over the inner cover of each 
hive. All the colonies wintered success- 
fully. 

The season of 1946 opened unusually 
early with an extended period of warm 
weather. As a result, when the first spring 
inspection was made on March 14, 1946, 
it was found that heavy brood rearing was 
already in progress and was creating a 
serious demand on the stores. This de- 
mand necessitated feeding hives 1 and 5. 
Each hive was fed a total of 7 quarts of 
sugar and water containing 0.5 gram of 
sulfathiazole per gallon of mixture, in two 
separate feedings. No additional feeding 
in the spring was required by these two 
hives or by any of the others treated in 
1945. 

Seasonal hive conditions in respect to 
the disease were observed by making 
thorough examinations of each at ap- 
proximately 3-week intervals instead of 2- 
week intervals as in 1945. No signs of foul 
brood were observed in hives 1, 5, and 6 
during the entire season of 1946. A few 
old scales which had been covered with 
stores were observed in hive 4 on April 30. 
These scales were removed by the bees 
before the next observation and no other 
indications of disease were seen during the 
remainder of the season. Hives 1 and 6 
were in good condition throughout the 
season although supercedure had taken 
place in each. Hive 1 produced 25 pounds 
and hive 6 approximately 50 pounds of 
surplus honey. 

Hives 4 and 5 were in poor condition 
practically all season. The queen in hive 
4 had become a drone layer. Hive 5 was 
queenless. The first requeening effort in 
both hives was unsuccessful. Worker 
drone layers and requeening troubles were 
experienced until past mid-summer. Hive 
5 began to improve in August and hive 4 
in September. Hive 5 should winter suc- 
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cessfully, while hive 4 may be called 
questionable. Regardless of the loss of 
queens, small numbers of young bees and 
general weakness, disease did not appear 
in these two hives. Neither hive produced 
any surplus honey. 

Hive 2, which was badly diseased and 
contained about one frame of bees when 
received in 1945, wintered in very good 
condition. Two diseased cells were found 
in one frame in the food chamber which 
contained some brood on May 81, 1946. 
The frame concerned had been nearly full 
of scales the preceding season. Although 
the disease increased in the food chamber, 
no disease was found in the brood chamber 
until the middle of July. By the first week 
in August there were over 50 diseased cells 
in the brood chamber but none was ob- 
served among the frames in the food 
chamber which was becoming filled with 
honey. On October 8, 1946, considerable 
disease was found in five frames of the 
brood chamber and a few diseased cells 
were located in one frame in the food 
chamber. No scales were observed at any 
time during the season. Hive 2 was strong 
in bees all through 1946 and it produced 
60 pounds of surplus honey. Resumption 
of treatment with sulfathiazole began on 
October 16, 1946. 

Hive 3 entered the season of 1946 with- 
out any indication of disease. On May 31 
five cells of American foul brood disease 
were found. At the next examination on 
June 24, a few dead larvae were found in 
open cells. These were not typical of 
American foul brood. On July 16, one dis- 
eased cell was found while none was found 
on August 5. Five diseased cells were 
found in two frames on August 26. No 
other disease was observed in this hive for 
the remainder of the season. Hive 3 was in 
excellent condition all through the season 
and produced 70 pounds of surplus honey. 

Hive 7 (brood frames sprayed weekly 
with sulfathiazole and water) entered the 
season of 1946 without any evidence of 
American foul brood. However, on May 
31, there were 19 diseased cells found in 
the food chamber and 13 in the brood 
chamber. The hive was strong in bees and 
required an extra super for expansion. As 
the season progressed, the amount of dis- 
ease increased, with scales observed on 
July 16. Though the number of diseased 
cells continued to increase, no other scales 
were observed until October 8, when a few 
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more were observed in another frame in 
the brood chamber. Hive 7, although con- 
taining a serious infection of American 
foul brood disease during most of the sea- 
son, produced 50 pounds of surplus honey. 
Treatment with the sulfathiazole-sugar- 
water mixture was begun on October 14, 
1946. This hive entered the winter well 
populated with bees. 

Conclusions. At the end of 2 years of 
study of seven colonies infected with 
American foul brood disease, housed in 
hives consisting of multiple body sections, 
and medicated with 0.5 gram of sulfa- 
thiazole to 1 gallon of sugar and water 
mixed 1 to 1 by volume, it is concluded 
that: 

1. Medication with sulfathiazole elimi- 
nates all visual evidence of the disease in 
the brood regardless of the extent of the 
causal organism in the hive. 

2. The incidence of disease and the con- 
dition of the hive are the most important 
factors affecting the results of the treat- 
ment. 

3. Treatment with sulfathiazole should 
begin as soon as possible after the first 
indication of disease. 

4. The data obtained to date indicate 
that prolonged treatment until the disease 
is no longer visually evident may elimi- 
nate the disease in some hives. 

5. The data obtained to date also indi- 
cate that the greater the incidence of dis- 
ease, the greater the risk in assuming the 
disease has been eliminated by the first 
prolonged treatment. 

6. Follow-up treatments in the fall and 
especially in the spring should be prac- 
tised. 

7. Treatment with sulfathiazole is not a 
simple procedure that can be performed 
blindly. It must be systematic and 
weighed according to the local situation. 

Results obtained in 1946 with medica- 
tions of sulfathiazole, other sulfa com- 
pounds, penicillin, furacin and X-ray for 
American foul brood disease are discussed 
on the following pages. 

In September 1945, hive 8, with a 
standard hive body and deep food cham- 
ber, badly infected with American foul 
brood disease, but well populated with 
bees, was obtained for the experimental 
apiary. Sulfathiazole, 0.5 gram in a gallon 
of sugar and water mixture (1 to 1 by 
volume) was fed to this colony on Sep- 
tember 24, 1945, and continued until late 
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in November. The treatment was resumed 
in March of 1946 with the last feeding 
made on July 31, 1946. During the winter 
mice succeeded in entering the hive and 
damaged three frames in the brood cham- 
ber. Brood rearing began early in the 
spring and on April 23, four frames of 
healthy open and sealed brood were ob- 
served in the food chamber. The brood 
chamber had not been used as yet for 
brood rearing. On May 31, 1946, as the 
food chamber was becoming crowded it 
was replaced with the brood chamber. The 
bees had not been very active in cleaning 
out the scales and other debris in the 
brood chamber until the change was made. 
All scales in both chambers were removed 
by July 16. Only 5 newly diseased cells 
were found in this hive during 1946 and 
the last of these was observed on July 16. 
A total of 8.33 gallons of the sulfathiazole 
mixture was fed to this hive. Approxi- 
mately two gallons were fed in the fall of 
1945 and the remainder in 1946. All the 
material was fed from cans placed above 
the inner cover and protected by an empty 
super and top cover, excepting the last 
three quarts which were fed in a Board- 
man feeder. This colony produced about 
30 pounds of surplus honey. 

Hive 9, infected with American foul 
brood disease, was secured late in May, 
1946. It consisted of a standard hive body 
moderately populated with bees and a 
deep food chamber containing new frames 
and foundation. The disease was in an ad- 
vanced stage and scales were very numer- 
ous in the hive body. Treatment with sul- 
fathiazole, 0.5 gram to 1 gallon of sugar 
and water, was begun on May 31, 1946. A 
total of 49 quarts was given to this hive. 
the first 33 quarts were fed through the 
medium of cans placed on the inner cover 
and the rest in a Boardman feeder. The 
last treatment was made on September 9. 
At each successive observation it was 
noted that the conditions in the hive had 
improved. The foundation in the food 
chamber had been completely drawn and 
filled with brood (two frames) and honey 
(eight frames) by July 16. The last scale 
was observed on August 5 and there were 
no visual indications of diseased cells after 
August 26. No disease was observed in 
the food chamber at any time during the 
entire season. This hive produced approxi- 
mately 15 pounds of surplus honey. 

On May 28, 1946, package bees, each 
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containing a laying queen, were intro- 
duced into three badly diseased hives 
numbered 14, 15, and 16. These hives 
formerly contained bees which were 
fumigated or failed to winter because of 
their weakened condition. All were of the 
standard type and hive 14 included a deep 
food chamber, hive 15 just a brood body, 
and hive 16 a shallow food chamber. Sul- 
fathiazole 0.5 gram, 1.0 gram and 2.0 
grams, respectively, in 1 gallon of sugar 
and water mixed 1 to 1 by volume was fed 
to the individual hives beginning May $1. 
Hive 14 received a total of 58 quarts of 
the 0.5 gram mixture, hive 15 a total of 
63 quarts of the 1.0 gram mixture, hive 
16 a total of 63 quarts of the 2.0 gram 
mixture. Immediately upon their intro- 
duction into the hives the package bees 
began to remove the scales and debris. All 
scales were eliminated from these hives 
by June 24, while two diseased cells were 
found in hive 14. At the next observation 
on July 16, hive 14 contained two diseased 
cells. No other evidence of disease was 
observed in any of the hives after that 
date. Each of these hives received its last 
treatment on September 3. Hive 14 did 
not produce any surplus honey; hive 15 
produced 30 pounds; and hive 16, 11 
pounds. All were in excellent condition for 
wintering. 

Hives 10 and 11, infected with Ameri- 
can foul brood disease, were secured for 
experimental work during the second week 
in July, 1946. Both were standard double- 
walled hives. Hive 10 was composed of a 
brood chamber, a shallow food chamber 
nearly full of honey and an empty shallow 
super, moderately populated with bees. 
Hive 11 was composed of a brood cham- 
ber, a shallow food chamber with con- 
siderable honey and a super practically 
full of capped honey, well populated with 
bees. Beginning July 16, these hives were 
fed with furacin, one of the newer bac- 
teriostatic compounds (5-nitro 2-furalde- 
hyde semicarbazone) at the rate of 0.5 
gram to one gallon of sugar and water 
mixed 1 to 1 by volume. Hive 10 received 
13 pints supplied in a can placed over the 
inner cover and 11 a total of 6 pints by 
Boardman feeder. The disease increased 
rapidly in these hives with a resulting de- 
crease in the morale of the bees. As a result 
the treatment was changed to sodium 
sulfathiazole on August 5. Hive 10 re- 
ceived a total of 7 quarts of sugar and 





@ g 


ee el ee ee ed 


June 1947 


water (1 to 1 by volume) containing 
sodium sulfathiazole at the rate of 0.5 
gram per gallon and 4 pints of this were 
fed in a Boardman feeder. This colony had 
deteriorated so badly that it was not able 
to improve. It was fumigated with cyanide 
on September 17. Hive 11 received a total 
of 8 quarts of the sodium sulfathiazole- 
sugar-water mixture. The quart jar in the 
feeder was refilled at weekly intervals ex- 
cepting the period of September 17 
through October 15. This exception was 
made to give the colony an opportunity 
to center its activity on gathering natural 
winter stores during a heavy goldenrod 
nectar flow. Medication was resumed on 
October 16 and the last treatment was 
made on October 29. Hive 11 improved 
rapidly after feeding it sodium sulfathia- 
zole and on September 17 less than 25 
diseased cells were observed in the hive. 
However, on October 8 there were a large 
number of diseased cells approaching the 
scale stage. This upsurge of the disease 
late in the season, in all probability, was 
due to the omission of the treatment dur- 
ing the goldenrod nectar flow. This colony 
produced a total of over 40 pounds of sur- 
plus honey during the season. 

Hives 17, 18, and 19 were a series of 
three in an experiment to determine the 
effect of soaking American foul brood in- 
fected frames in water containing small 
amounts of sulfathiazole. Hive 17 was the 
control of this experiment and served as a 
sugar and water fed control for the entire 
experimental apiary. It was composed of 
a new, complete, one-story standard hive 
containing six badly diseased frames and 
4 new frames with foundations. Hives 18 
and 19 were similar in composition, but 
the six diseased frames in each had been 
treated by submerging them in two sepa- 
rate baths, containing 0.5 and 1.0 grams 
per gallon of water respectively, at room 
temperature for one week. As this experi- 
ment was begun on July 15, which was 
comparatively late in the season, each 
hive received a 5-pound package of bees 
with a laying queen. Each hive was given 
a total of 6 quarts of sugar and water 
mixed 1 to 1 by volume in two feedings, 
the first on July 16 and the second on 
July 31. The introductions were successful 
and the bees in each colony immediately 
began to remove the scales and debris. 
Eggs or newly hatched larvae were ob- 
served in each of the hives on July 16. 
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When inspecting on August 5, all the hives 
were observed to be badly diseased. 

Hive 20 was composed of a new, com- 
plete, one-story standard hive previously 
unused. It contained four new frames 
with foundation and six badly diseased 
frames which had received X-ray treat- 
ment.! The six diseased frames in one 
package were treated as follows: 

“The X-ray equipment used was a deep 
therapy roentgen ray villard circuit work- 
ing at a pkv of 180 kilovolts and 6 milli- 
amperes. The frames were exposed as a 
single unit measuring 46 cm. by 24 cm. by 
19 cm. They were exposed four times in 
all, once on the first day, once on the third 
day, and twice on the fifth day. The pack- 
age was exposed for a period of 10 minutes 
on one side and then turned upside down 
and exposed for the same period. The 
distance from the target to the top of the 
package was 68 cm. and to the bottom it 
was 85 cm. Measurements with a Vic- 
toreen condenser R meter indicated that 
during each 10-minute period the dose in 
R units was 520 at the top and 180 at the 

ttom and hence the dosage during each 
20-minute period was 700 R units. The 
total dosage for the whole period was 
therefore 2800 R units. All radiation was 
unfiltered.” 

A 5-pound package of bees with a laying 
queen was introduced into this hive on 
July 15. The colony received two feedings 
of sugar and water, totaling 7 quarts, on 
July 16 and July 31. Immediately after 
introduction, the bees began to remove 
the scales and debris. Eggs were observed 
in four frames on July 16. When inspected 
on August 5, the colony was badly dis- 
eased. 

Beginning August 6, hives 18 and 19 
were treated with sulfaguanidine (1) at 
the rate of 0.5 gram to one gallon of sugar 
and water (1 to 1 by volume) through the 
medium of a Boardman feeder. The hives 
were fed at weekly intervals until Oc- 
tober 29, with the exception of the period 
from September 17 through October 15 
when the goldenrod nectar flow occurred. 
The incidence of disease decreased rapidly 
and no scales were observed on September 
17. However, with the temporary cessa- 
tion of treatment during the goldenrod 
flow, it was evident that there had been an 


1 Description of treatment by Richard D. Otis, a medical 
student and beekeeper, who cooperated in this experiment by 
making the X-ray treatments with apparatusat hisdisposal. 
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increase in the number of disease larvae or 
the bees had not been as industrious in 
removing them as a few scales were ob- 
served in hive 18 on October 8. On this 
date only a very few diseased cells re- 
mained in each hive. Neither hive pro- 
duced surplus honey but both colonies 
were considered to be in good condition. 

Hive 12 was secured during the first 
week of August. This hive was composed 
of a standard hive body and shallow food 
chamber. Each chamber contained six 
badly diseased frames. Hive 12 and hive 
20 (the latter originally received X-ray 
treatment which did not kill the American 
foul brood disease, as reported earlier in 
this paper) were treated with sulfapyri- 
dine at the rate of 0.5 gram to 1 gallon of 
sugar and water (mixed 1 to 1 by volume). 
Each of these hives received 2 gallons of 
the mixture fed in a Boardman feeder. The 
treatment was made at approximately 
weekly intervals from August 6 through 
October, excepting in the period from 
September 17 until October 15 during a 
heavy goldenrod nectar flow. Hive 12 was 
never free of scales during the period of 
treatment. The scales were harder and not 
as oily in appearance as those in hives 
treated with sulfathiazole. All scales in 
hive 20 had been removed by the intro- 
duced package bees before treatment with 
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sulfapyridine. There was a decrease in the 
number of diseased cells in both hives 
after the treatment was begun. However, 
on October 8, when the last observation 
was made, both hives contained numerous 
diseased cells and scales. These hives did 
not produce any surplus honey but ap- 
peared to be strong enough to winter suc- 
cessfully. 

Hive 13 received in the last week of 
July, 1946, was composed of a standard 
hive body and shallow super, not strongly 
populated with bees, and weak in stores. 
It was badly infected with American foul 
brood disease. This hive was given sugar 
and water (1 to 1 by volume) containing 
penicillin, buffered with calcium carbon- 
ate, at the rate of 50,000 units to one 
quart of the mixture. One quart of the 
mixture was fed in a Boardman feeder at 
weekly intervals for a period of 11 weeks. 
The mixture was shaded from the direct 
sunlight by placing a lined paper bag over 
the feeder. The first treatment was made 
on August 6 and the last on October 29. As 
the season progressed there was some im- 
provement in the number of bees and 
evidence of scale removal. The scales in 
this hive appeared to be hard and dry. 
When the last observation was made on 
October 8, diseased cells and scales were 
more numerous than when the hive was 


Table 1.—Statistics of treatments and the results of the analyses' for sulfa drugs in the honey 


of those hives making a surplus in 1946. 
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or Drue 
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fl Sulfathiazole 


\ 
1 None 0 
\2 


‘y 
\2 
'} 
2 
1 
1 
1 
1 
2 
1 
2 
1 


None 08 


None 08 


nem 


None 0 
Sulfathiazole 15 
Sulfathiazole 13 


1 Sodium Sulfathiazole 8 


— 


Sulfathiazole 9 


15 


~ 


16 Sulfathiazole 9 


2 (spring) 


pints grams p.p.m. 
14 .857 0 
0 
0 0 
0 
0 0 
Trace or none 
0 Less than 1 
Very faint trace or none 
0 0 
55 3.44 8 
49 3.06 5 
16 1.00 Less than 1 
7 
130 
15 
58 14.50 8 


63 7.883 





1 Analyses by the Analytical Chemistry Department of the Conn. Agr. Expt. Sta. 


2 All drugs fed in a sugar water syrup made 1 to 1 by volume. 


3 This hive received treatment in 1945, but not in 1945. 


4 Hive 15 received one gram of drug per gallon of mixture, hive 16 two grams per gallon, while all others received 0.5 gram per 


gallon. 
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first secured. Whether this hive will winter 
successfully is questionable. 

Samples of the extractions were taken 
from each super containing surplus honey 
and analyzed for sulfa content. The results 
of the analyses are given in table 1. It will 
be noted that the table shows that various 
amounts were obtained in every case the 
drug was used for treatment when surplus 
honey was being made. The amounts of 
the drug found in the supers varied with 
the duration of the treatment in relation 
to the storage of the surplus honey. Hive 
11 illustrates this fact. Super 1 of this hive 
was practically filled with capped honey 
before the treatment began. Treatment 
started approximately the same time 
super 2 was placed on the hive. It will be 
noted that the honey in super 1 contained 
less than 1 p.p.m. of the drug, while that 
in super 2 contained 7 p.p.m. Another il- 
lustration is found in hive 15, in which the 
conditions differ. The treatment extended 
throughout the period required io fill 
super 1 with surplus honey but discon- 
tinued before honey storage ceased in 
super 2. As shown in the table, it was logi- 
cal to find a larger quantity of the drug in 
the honey of super 1. 

The table also shows that the largest 
amount of sulfa, 130 p.p.m. or 0.059 gram 
per pound, was found in hive 15. This 
amount of the drug was largely due to the 
treatment containing 1 gram of sulfa- 
thiazole to a gallon of sugar and water, 
which is twice the usual dosage. The con- 
centration, 0.059 gram per pound of 
honey, cannot very well be considered ex- 
cessive, especially since the daily con- 
sumption of honey by an individual is 
probably not more than 4 ounces. Honey 
consumed at this rate would contain only 
0.0147 gram of sulfathiazole. Further- 
more, the amount of sulfathiazole ingested 
while consuming 4 ounces of honey is 
much less than a medicinal dose pre- 
scribed for a child. The initial dose for 
children is based on 0.15 gram per kilo- 
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gram of body weight (up to 25 kilograms) 
followed by a total daily dose of an equal 
amount administered as prescribed. At 
this dosage a child weighing 25 pounds or 
11.35 kilos would receive a daily dosage of 
1.7 grams of sulfathiazole. Assuming that 
an individual consumes 4 ounces of honey 
containing 0.0147 gram of sulfathiazole, 
the amount of the drug ingested would be 
115 times less than that prescribed for a 
25-pound child and does not appear to be 
significant. 

Conciusions.—1. That penicillin buf- 
fered with calcium carbonate, used at the 
rate of 50,000 units to one quart of sugar 
syrup at weekly intervals, is not effective 
in controlling American foul brood disease 
in a populated hive. 

2. That sulfapyradine used at the rate 
of 0.5 gram to 1 gallon of sugar syrup did 
not give any particular promise as a con- 
trol of the disease in a populated hive. 

3. That sulfaguanadine used at the rate 
of 0.5 gram to 1 gallon of sugar syrup gave 
results indicative of promise as a control 
of the disease in a populated hive. 

4, That sodium sulfathiazole used at the 
rate of 0.5 gram to 1 gallon of sugar syrup 
gave results indicative of promise as a con- 
trol of the disease in a populated hive. 

5. That sulfathiazole used at the rate of 
1 and 2 grams to 1 gallon of sugar syrup 
was not appreciably more efficient in 
eliminating the disease from the brood 
than when used at a dosage of 0.5 gram. 

6. That when sulfa drugs are fed in a 
sugar syrup to bees storing surplus honey, 
they will be deposited in varying amounts 
in that honey. 

7. That furacin used at the rate of 0.5 
gram to 1 gallon of sugar syrup did not 
give any particular promise as a control of 
the disease in a populated hive. 

8. That X-ray treatment at four differ- 
ent periods of 20 minutes each, at 700 R 
units, did not give any promise as a con- 
trol of the disease. 12-19-46 
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Effect of Carbon Dioxide on Initial Oviposition of 
Artificially Inseminated and Virgin Queen Bees 


Orto Macxensen, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine, Baton Rouge, La. 


Delayed egg laying has been a great 
handicap to the completely successful 
artificial insemination of queen bees. Al- 
though Laidlaw (1944) found most queens 
to start laying within a week after insemi- 
nation, Watson (1929), Nolan (1932) in 
his earlier work, and Muzalewskij & 
Kozlow (1933) experienced an abnormal 
delay. The writer also had this difficulty. 
Although he was able to fill the sperma- 
theca with the normal complement of 
sperm by repeated inseminations, none 
of the many variations in technique tried 
lowered the age at initial oviposition to 
anywhere near that of naturally mated 
queens. Less than 20 per cent started 
laying within 30 days after emergence, 
and as a group they started no earlier than 
virgin queens. During the delay queens 
were often balled and mistreated by the 
worker bees until many of them were 
killed and those that survived were 
greatly weakened. It has now been found 
that proper treatment with carbon dioxide 
will cause the queens to start egg laying 
at nearly the normal age, and it is the 
purpose of this paper to present briefly 
what has been learned about the use of 
this gas. 

Mernop or TREATMENT.—The appli- 
cation of carbon dioxide was very simple. 
During insemination the gas was made to 
flow slowly through the queen holder, the 
queen remaining anesthetized for the 
duration of the operation, usually about 
10 minutes. Separate treatments were 
made by placing the queen in a deep, 
wide-mouth container into which a small 
stream of carbon dioxide was flowing. A 
lid with an exhaust hole was provided. 
To reduce the high pressure in the carbon 
dioxide cylinder, a regulator was attached 
and adjusted to a delivery pressure of 4 
to 5 pounds per square inch. A needle- 
valve permitted adjustment of the flow 
of gas to a very fine stream. When only 
one or two inseminations were made, 
additional treatments of gas alone were 
given to make the total number desired. 
When laying virgin queens were to be 


1In cooperation with Louisiana State University. 


produced, only separate treatments were 
given. The term “treatment,” unmodi- 
fied, will be used to designate an applica- 
tion of carbon dioxide either with or 
without insemination. 

With all the inseminated or treated 
queens the usual precautions were taken 
to prevent natural mating, namely, pro- 
viding the nuclei entrances with zinc 
queen excluders, and clipping the queens’ 
wings the first or second day after 
emergence. 

Data OprarneD BEForE 1945.—Some 
data which illustrate the effect of carbon 
dioxide are brought together in table 1. 
Although these data were collected over 
several years, from various experiments 
not particularly designed to study the 
effect of carbon dioxide, the method of 
insemination was practically the same 
except for differences in number of in- 
seminations and anesthetizations. Queens 
were established in nuclei as cells on the 
tenth day after grafting, and since the 
larvae were young when grafted, emer- 
gence may sometimes have been as late as 
the twelfth day. The ages both at in- 
semination and at initial egg laying were 
calculated from the day the cells were put 
out. The age at laying was usually rather 
roughly estimated from larvae several 
days old. 

Queens in groups 1 and 2 were neither 
inseminated nor treated with carbon 
dioxide, and were thus forced to become 
drone layers. They were clipped and 
marked and kept in nuclei with zinc 
excluders over the entrances. Those in 
group 1 were introduced to nuclei as cells 
while those in group 2 were kept in con- 
stant-temperature cabinets for 16 to 29 
days before introduction. In groups 3 and 
4 only one insemination was made, but 
in group 3 sperm was taken from two 
drones, and therefore a larger amount was 
given than in group 4 where individual 
matings were made with sperm from only 
one drone. In group 5 the two insemina- 
tions were 1 to 3 days apart and consisted 
of injections of 1.5 to 4 mm.’ of semen, 
amounts that might be taken from two 
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in days after cell introduction. 
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Table 1.—TInitial-oviposition age of queen bees after various treatments before 1945. Age is given 

















INSEMINA- Group 
TIONS No. 


AGE AT LAYING 
CO; Usrp INSEMINATION QUEENS Average Range 


AGE AT INITIAL 
OvIPOSsITION 




















None No -- 12 40 20-62 
2 (check) No _ 68 40 29-61 

One 3 No 2-7 34 47 23-66 
4 Yes 3, 4, 5, or 7 72 36 18-59 

Two 5 No 16-28 13 51 32-67 
6 Yes 4, 6, or 5, 7 10 15 11-23 

Three 7 Yes 4, 6,8 10 15 13-18 
8 Yes 5, 7,9 9 15 13-16 

Four 9 Yes 2, 4, 6,8 6 16 15-16 
10 Yes 3, 5, 7, 9 16 14-19 

















or six drones, respectively. In this group 
the age range of the second insemination 
is given. Groups 6 to 10 were of identical 
stock, and carbon dioxide was used with 
each insemination. In these groups all 
queens were either laying or dead 23 days 
after emergence, while in groups 1 to 5 
many died much later. 

The following facts are brought out in 
table 1: 

(1) The insemination process has very 
little, if any, effect on initial oviposition. 
Queens of groups 3 and 5, inseminated 
once and twice, respectively, without 
carbon dioxide, did not lay any sooner 
than the virgin queens of groups 1 and 2. 
In other experiments, five to eight in- 
seminations lowered the initial laying age 
considerably, but not nearly to that of 
carbon dioxide-treated queens. The high 
mortality obtained after such numerous 
operations and the labor involved make 
such a method entirely unsatisfactory. 

(2) Carbon dioxide stimulates egg 
laying. In group 5 where no carbon di- 
oxide was used the average initial laying 
age was 51 days, as compared with 15 
days in group 6 where carbon dioxide 
was used. Unfortunately, the insemina- 
tions were made much later in group 5 
than in group 6. This difference in age 
makes the groups seem incomparable; 
nevertheless queens in group 5, insemi- 
nated for the second time on the six- 
teenth day, began laying no earlier than 
those inseminated later. The average age 
at initial oviposition of the 127 queens 
not treated with carbon dioxide (groups 
1, 2, 3, and 5) was 43 days, while the 
corresponding figure for those anesthe- 
tized at least twice with carbon dioxide 





(groups 6 to 10) was 15.4 days after cell 
introduction. 

(3) Two treatments with carbon di- 
oxide are necessary, and additional treat- 
ments are apparently superfluous. A 
single treatment, with insemination, gave 
only slightly better results (group 4) than 
insemination without carbon dioxide 
(group 3). One treatment is therefore not 
sufficient. That two treatments are neces- 
sary is shown more clearly by a compari- 
son of group 4, in which one treatment 
with insemination resulted in an average 
initial laying age of 36 days, with group 
6, in which two treatments with insemina- 
tion resulted in an average age of 15 days. 
Additional treatments, as given in groups 
7, 8, 9, and 10, do not lower the average 
initial oviposition age; however, several 
treatments at shorter intervals, if com- 
pleted early enough, might lower the 
age still further. 

Data OstaINneD IN 1945.—During 
1945 additional data on the effect of 
carbon dioxide on initial oviposition were 
gathered from a number of small lots of 
queens. Practically all the inseminated 
queens were operated on twice, and about 
half of these were given an additional 
separate treatment. A few were insemi- 
nated three times; and a few, inseminated 
only once, were also given a separate 
treatment. Most of the queens treated 
with carbon dioxide exclusively were 
given three treatments, but some only 
two. Treatments, with or without insemi- 
nation, were 24 or 48 hours apart, and all 
inseminations were accompanied by anes- 
thetization. 

An attempt was made to judge the 
age more accurately than had been done 
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Table 2.—Initial-oviposition data on queen bees after second carbon dioxide gas treatment with 
and without insemination, 1945. Age is given in days after « mergence. 








Queens Beainnine Oviposition ON INpIcATED Day 


AGE AT 


AVERAGE 
Days 
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AFTER EMERGENCE 
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SEconpD Type or LayYInG 


TREATMENT TREATMENT QUEENS 8th 9th 


10th 11th 12th 18th 


14th 15th 16th 17th 20th Ovzrposition 





3 Inseminated 5 
25 


21 
10 


4 Inseminated 


5 Inseminated 
Gas only 


Inseminated 
Gas only 


Inseminated 
Gas only 


Inseminated 
Gas only 


Inseminated 
Gas only 


Inseminated 


Inseminated 


_— io ~ aw “ew ee 5) Loe) 


Inseminated 


1 


oo oe -- “wn o 


8.2 
7.9 


1 1 we 
5 
1 


4 
6 
2 








Total queens treated 3rd to 
6th day 
Naturally mated queens 


64 
22 





1 Average initial-oviposition age. 


in previous years. Accordingly queens 
were allowed to emerge in an incubator 
and introduced as virgins as soon as 
possible after emergence. Those that 
emerged during the night were introduced 
early the following morning. For the 
purpose of calculating age, the day of 
introduction was considered the first day 
of life. Nuclei were examined daily from 
the time laying was expected to start, and 
- the time of initial oviposition was deter- 
mined by subtracting 3 days from the 
date the first egg was estimated to have 
hatched. These procedures tend to make 
the age estimates lower than the methods 
used in previous years, and account, in 
part, for the differences found between the 
ages of comparable groups in tables 1 and 
2. A control group of naturally mated 
queens, reared and mated during excellent 
weather conditions, was handled and ob- 
served similarly except for the omission of 
insemination and carbon dioxide treat- 
ment. Since the conclusion that two treat- 
ments are sufficient to stimulate oviposi- 
tion was borne out in the 1945 data, these 
data were classified as to age at second 
treatment, and are presented in table 2. 

A comparison in the fifth- to ninth-day 
groups of the inseminated queens with 
those given gas reveals only negligible 
differences, and shows conclusively that 
carbon dioxide treatments alone are just 


as effective as when accompanied by in- 
semination. 

When the second treatment was given 
on the third, fourth, fifth, or sixth day, 
laying started at about the same time, hut 
when the second treatment was given 
later, the laying age was delayed propor- 
tionately. For best results, therefore, at 
least two treatments must be completed 
on or before the sixth day after emergence. 
When the queens treated in this way were 
compared with the naturally mated 
queens, the average delay was 1.9 days; 
however, the majority (59 queens) were 
delayed only 1.4 days. 

The queens receiving the second treat- 
ment between the seventh and twelfth 
days started laying progressively later 
except in the eleventh- and twelfth-day 
groups, where the results are probably not 
representative because of small numbers. 
The time required for carbon dioxide 
treatment to stimulate egg production 
is found in these age groups, because in 
all of them the initial oviposition age falls 
distinctly later than in naturally mated 
queens. The average intervals from the 
second treatment to initial oviposition 
were 5.7, 5.1, 5.0, 6.0, 3.5, and 2 days, 
respectively. For the first four groups 
these intervals are fairly uniform. The 
average interval for all the queens in 
these groups is 5.3 days, which compares 
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favorably with an average interval of 3.4 
days from natural mating to initial ovi- 
position found by Oéertel (1940). The 
difference between these two averages 
is exactly the same as the delay over 
naturally mated queens noted in the pre- 
vious paragraph. Laidlaw (1944) obtained 
an average interval of 5.14 days from 
insemination to oviposition. 

Discussion.—Although enough is now 
known about the use of carbon dioxide 
to make it a valuable aid in artificial 
insemination, considerable work should 
be done before it can be used to maximum 
efficiency. For example, in table 2 it will 
be noticed that egg laying is extraordi- 
narily delayed in a few queens, one in the 
fourth-day group having started on the 
twentieth day. It is also noticeable that 
these late layers occur most frequently 
among inseminated queens. Three small 
groups of inseminated queens were elimi- 
nated from the table entirely, because 
nearly all these queens started laying 
much later than other queens given the 
same type of treatment. The cause of 
these failures is unknown, but since all 
were inseminated queens it is possible 
that the carbon dioxide was not flowing 
fast enough around them during insemi- 
nation to provide sufficient concentration 
of gas. 

There is still some question as to how 
close together carbon dioxide treatments 
can be given. Inseminations have been 
spaced at least a day apart, preferably 2 
days, to allow for the migration of sperm 
to the spermatheca and for the clearing 
of dead sperm and mucus from the repro- 
ductive tract. A shorter interval might be 
practical when only carbon dioxide is 
given, or with a single insemination plus 
one separate treatment. Of three queens 
given three 10-minute treatments on the 
fifth day after emergence, with 30-minute 
intervals between for complete recovery, 
one died and the other two were killed 
when they had not started laying on the 
twenty-first day. Evidently 30 minutes is 
not sufficient, and the minimum practical 
interval lies somewhere between this and 
24 hours. 

As yet little has been done to determine 
the optimum length of treatment. A 10- 
minute period has been used extensively 
because it takes about this long to in- 


seminate a queen. There is some evidence 
that 1-minute exposures may be sufficient. 
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At the other extreme, some queens have 
been exposed for 90 minutes without 
apparent injury. 

The increase in quality and percentage 
of laying queens obtained with the use of 
carbon dioxide is mainly brought about 
by earlier oviposition. Confined, un- 
treated queens will gradually wear them- 
selves out trying to leave the hive to 
mate during the long period before egg 
laying starts. They become agitated in 
the afternoons, and the worker bees, 
dissatisfied with queens that do not start 
laying in a reasonable length of time, will 
mistreat and often kill them. These con- 
ditions are eliminated almost entirely by 
the prompt laying brought about by 
proper carbon dioxide treatment. 

The increase in the percentage of laying 
queens is not brought out in the tables. 
Before carbon dioxide was used, the per- 
centage of inseminated queens that 
started laying was usually less than 60, 
although occasionally higher percentages 
were obtained in small groups. The cor- 
responding figure was considerably higher 
for queens inseminated two or more 
times, with carbon dioxide as anesthetic. 
In groups 6 to 10 in table 1 it was 76 per 
cent, and in the inseminated queens of 
table 2 it was 73 per cent. In group 4 
(table 1), in which carbon dioxide was 
used only once with one insemination, and 
egg laying was delayed, this figure was 
80 per cent. Although there is less loss 
from injury with single inseminations, it 
is thought that the high survival in this 
group was due, in large part, to the quiet- 
ing effect of the single carbon dioxide 
treatment. 

How carbon dioxide produces its effect 
is still a matter of speculation. Its action 
might very well be one of anesthesia 
rather than of the gas itself, since there is 
some evidence that ether has a similar 
effect. Nolan (1932) inseminated a few 
queens anesthetized with ether, and the 
four that produced worker brood began 
to lay eggs at least 2 days sooner after 
insemination than seven out of the nine 
unanesthetized queens in the same cate- 
gory the same year; however, other ex- 
perimental factors might have brought 
about these results. A high mortality 
discouraged further use of this anesthetic. 
Laidlaw (1944), using ether extensively, 
reported practically the same results as 
were obtained by the writer with carbon 
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dioxide. Of his laying queens, inseminated 
on the fourth to thirteenth day after 
emergence, 92 per cent started laying 
within 7 days after insemination, and, 
therefore, within 20 days after emergence. 
Laidlaw inseminated only once, and it is 
assumed that only one anesthetic treat- 
ment was given. A group of queens in- 
seminated once by the writer with one of 
Laidlaw’s syringes, but without his other 
equipment, and with carbon dioxide in- 
stead of ether as anesthetic, laid some- 
what sooner than usual, but not so early 
as those inseminated by Laidlaw. The 
eight laying queens obtained started lay- 
ing from 21 to 35 days after cell introduc- 
tion. This shows that Laidlaw’s good 
results were probably not due entirely to 
the use of his type of syringe, but possibly 
to a combination of factors if not to ether 
alone. The writer used ether on a limited 
scale in 1939, but discontinued its use 
when he found. it to cause irregular egg 
laying, especially the deposition of many 
eggs to a cell, an effect also noted by 
Laidlaw. Further tests with ether and 
other anesthetics are in order. 

Carbon dioxide is very easy to use, has 
no ill effect on the operator, and does not 
leave an odor with the queen that is ob- 
jectionable to bees. It does not cause the 
irregular oviposition manifested after 
anesthetization with ether, and prelimi- 
nary tests indicate that it has no effect on 
the number of sperm reaching the sperma- 
theca. 

The use of carbon dioxide should be a 
great stimulus to bee breeding. Not only 
does it make the artificial insemination 
process easier and quicker, but its effect 
on egg laying shortens the generation by 
at least 15 to 20 days, and increases the 
number of laying queens by about 50 per 
cent. With much of the variation due to 
artificial insemination now eliminated, 
selection for honey production and other 
desirable qualities will be more effective. 
Carbon dioxide apparently has no effect 
on future performance. In fact, when 
queens are properly inseminated their 
performance in full-size colonies can equal 
that of naturally mated queens. This is 
clearly brought out in data published by 
Roberts (1946), in which some groups of 
queens inseminated with the aid of car- 
bon dioxide performed better than sister 
queens mated naturally to drones of iden- 
tical parentage. The method is also valu- 
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able in the production of laying virgin 
queens which are useful in the rearing of 
drones and in various other breeding 
activities. Queen breeders might employ 
this method in their queen-yards during 
periods when natural drones are scarce. 

RECOMMENDATION.— Although there is 
considerable flexibility in effective carbon 
dioxide application, until the cause of 
occasional failures is determined, it is 
suggested that it be administered as 
described under “‘Method of Treatment” 
and that the individual 10-minute treat- 
ments be given as follows; If laying virgin 
queens are to be produced, a total of 
three treatments should be given at 24- 
hour intervals beginning the fourth day 
after emergence. When queens are to be 
mated individually, the insemination 
should be made on the fourth day followed 
by separate treatments on the fifth and 
sixth days, or if two inseminations are 
desired they should be made on the fourth 
and sixth days with a separate treatment 
on the seventh day. These schedules can 
be delayed a few days without great 
harm except to delay oviposition propor- 
tionately, but the intervals should re- 
main the same. Two treatments are 
usually sufficient, but the third treatment 
is added to provide a margin of safety. 

SumMary.—Carbon dioxide gas, prop- 
erly applied to artificially inseminated or 
virgin queens, was found to reduce the 
average age at initial oviposition from 
more than 40 days to 11.5 days after 
emergence, which is only 1.9 days more 
than the average corresponding age of a 
group of naturally mated queens. This 
reduction greatly increases both the qual- 
ity and the quantity of laying queens that 
can be produced. The data presented in 
this paper show that the insemination 
operation has little effect on initial ovi- 
position, that virgin queens will start 
laying just as quickly as inseminated 
queens, that two treatments are usually 
sufficient, and that laying starts in an 
average of 5.3 days after completion of 
the second treatment. The method of 
treatment recommended consists of two 
10-minute exposures to concentrated car- 
bon dioxide gas, spaced 24 hours apart, or 
48 hours if both are accompanied by 
insemination, beginning the fourth day 
after emergence. A third treatment, 24 
hours after the second, is recommended 
to take care of any possible failures. 
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Factors Influencing the Effectiveness of Insect Pollinators 


of Alfalfa in California 


E. G. Linsey, and J. W. MacSwany,! University of California, Berkeley 


The importance of bees in relation to 
alfalfa seed production is generally recog- 
nized and has recently been discussed by 
various authors (Tysdal 1940, 1946; 
Knowles 1943; Linsley 1946; Hare & 
Vansell 1946; Vansell & Todd 1946; Peck 
& Bolton 1946, etc.). A previous report 
has presented the results of a 1945 survey 
of insect pollinators of alfalfa in California 
(Linsley 1946). It is the purpose of the 
present paper to present certain data and 
general observations upon factors which 
influence the effectiveness of alfalfa pol- 
linators. These data were obtained during 
and subsequent to the 1945 survey. 

Early in the course of the study it 
became quite apparent that marked 
differences existed in various seed-pro- 
ducing areas in California, both with 
regard to the total numbers of bees 
present in alfalfa fields and in the total 
number and per cent of the bees which 
were tripping and cross-pollinating the 
flowers. When the 1945 and 1946 popula- 
tion counts for all the fields sampled in 
each of the four areas studied are sum- 
marized (Table 1), it may be seen that 
there were on the average more than twice 
as many honey bees in the fields at Hemet 
as in any of the other three areas, yet the 
number of pollen-gathering honey bees 
was not proportionately as great. In 
addition, the average number of pollen- 
collecting solitary bees was comparable 
in the Blythe, Hemet, and Tracy-Patter- 
son (northwestern San Joaquin Valley) 


1 The writers wish to express their sincere appreciaticn to 
A. E. Michelbacher, R. F. Smith, W. F. Barr and P. D. Hurd 
of the University of California for assistance in field observa- 
tions, to N. L. McFarlane of the Agricultura] Extensicn Service 
and M. A. Perry of Hemet for help in various ways, and to 
J. E, Eckert of the University of California and Fred Platt of 
the Riverside County Agricultural Commissioner’s Office for 
advice and assistance in relation to problems associated with the 
honey bee. 


areas in 1945 but showed a marked 
reduction in all areas except in the vi- 
cinity of Tracy in 1946. Furthermore, 
wide ranges in numbers of honey bees and 
wild bees between individual fields within 
the various areas were recorded in both 
the 1945 and 1946 surveys. The following 
discussion is an attempt to explain at 
least some of the differences observed. 

The methods employed in this study 
were those described in connection with 
the report noted above (Linsley 1946). 
Essentially they involved a combination 
of direct observation on physiological 
characteristics of the pollinators, and 
population studies in a number of fields in 
various areas. All population samples 
were taken in 25-sweep counts at stations 
in the fields, the number depending upon 
the acreage involved. The majority of 
the fields sampled were between 10 and 
40 acres in extent. 

PuysicAL Factors IN THE ENvIRON- 
MENT.—Numerous studies have been 
made of the influence of temperature, 
light intensity, cloudiness, moisture, wind, 
and the like, upon the activities of both 
honey bees and solitary bees (DeOng 
1925; Lundie 1925; Hutson 1926; Phillips 
1927, 1930; Woodrow 1932; Brittain 
1933; Vansell 1942). Since our observa- 
tions largely substantiate the conclusions 
of these authors they will not be reported 
in detail here. Particular attention was 
given to those factors which vary with 
time of day, since they not only have an 
important influence on the pollination 
activity of bees but must also be taken 
into consideration in any sampling 
method designed to compare one field 
with another or the same field on various 
days. Figure 1 presents population trends 
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throughout a single day, for both pollen- 
collecting and nectar-gathering bees in 
two fields at Patterson, California, as 
correlated with temperature and relative 
humidity. Similar data were obtained for 
three fields (7 all-day counts) in the 
Hemet area and for two fields at Blythe. 
Results from all of these studies were 
similar but varied in detail. The most 
characteristic feature of the majority of 
the population curves was a depression in 
the numbers of both pollen- and nectar- 
gathering bees in early afternoon followed 
by an increase later in the afternoon. In 
general this depression corresponded with 
the periods of highest temperatures and 
lowest relative humidities. In one field at 
Hemet when the temperature at 1 P.M. 
was 102° F. with a relative humidity of 
13 per cent, the count dropped from 
136 nectar-gathering bees and 12 pollen- 
collecting bees (9 A.M. temperature 83° 
F) to 2 nectar-gathering and no pollen- 
collecting bees per hundred sweeps. How- 
ever, at Blythe, where the relative hu- 
midities normally remain high throughout 
the day, a temperature of 106° F. at noon 
caused a reduction of less than 50 per cent 
in numbers of nectar-gathering bees and 
no reduction of pollen-gathering bees 
compared with counts taken at 10 a.m. 
with a temperature of 95° F. 

Among the factors in the physical 
environment which are most critical 
locally for solitary bees are those asso- 
ciated with nesting sites. In general the 
alfalfa-pollinating solitary bees fall in two 
classes, those which nest in the ground 
and those which nest in wood (including 
hollow stems and twigs). In the case of 
ground-nesting species most of the cultu- 
ral practices associated with intensive 
farming work to their detriment. Cultiva- 
tion to a depth of 6 inches destroys the 
nests of nearly all the ground-nesting 
types except those with deep burrows like 
the sweat bees (Halictus, Lasioglossum, 
Agapostemon). Most of the species prefer 
flat, bare areas of well-drained, more or 
less sandy soil (in the case of Nomia, 
somewhat alkaline). Also irrigation is 
detrimental to practically all ground- 
nesting species, especially during the 
period of adult activity. Earlier in the 
season many of the species are resistant 
to fungi associated with flooding, especi- 
ally in well-drained soils. 


Biotic Factors IN THE ENVIRON- 
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MENT.—Variations in nectar production 
and in the sugar concentration of the 
nectar undoubtedly account for some of 
the marked differences observed in the 
attractiveness of individual alfalfa fields, 
and individual plants within a field, to 
nectar-gathering bees. It is not yet clear, 
however, to what extent these factors 
influence the pollen-gathering bees. There 
is some evidence that sparse, non-suc- 
culent growth is more attractive to pollen- 
collecting honey bees (Vansell & Todd 
1946; Tysdal 1946). Both honey bees and 
solitary bees require nectar for their own 
physiological processes while collecting 
pollen. In the case of honey bees, the 
pollen gatherers can, when necessary, 
leave the colony with a load of nectar 
when they start out on a pollen trip. 
Solitary bees cannot do this and must 
depend upon nectar which is taken as 
required during the  pollen-collecting 
trips.' It is possible, therefore, that some 
relation exists between nectar production 
and the attractiveness of individual fields 
and plants for pollen-gathering wild 
bees. The factors which influence nectar 
production and sugar concentrations in- 
clude physiological characteristics which 
are associated with various physical 
factors in the environment, especially 
relative humidity and soil moisture (Tys- 
dal 1946), but may also involve certain 
genetic differences in the plants. 
Competing pollen sources may play a 
significant role in alfalfa pollination, not 
only in the case of honey bees but also, 
in varying degree, with defferent species 
of solitary bees. Hare & Vansell (1946) 
have given some indication of the im- 
portance of competing pollen sources, in 
the case of honey bees in Utah, based on 
analyses of pollen pellets. They found 
greasewood a particularly strong com- 
petitor, with 42 per cent of the pollen 
(by weight) from this source. Vansell & 
Todd (1946) have also compared the 
attractiveness of alfalfa, sweet clover, and 
Grindelia to honeybees and certain native 
wild bees. They report sweet clover 
particularly attractive to Nomia, Grin- 
delia to Megachile, but both relatively un- 
attractive to honey bees. However, data 
on the honey bees were apparently limited 
to nectar-collectors and cannot be inter- 
1 This fact becomes very evident in the case of bees visiting 
dioecious plants like willow (Saliz). Robertson (1925) found such 


bees making 25 pollen visits to willow as against 39 nectar visits 
to other plants. 
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Table 1.—Seasonal averages for pollen and nectar-gathering bees per one hundred sweeps in 





alfalfa seed fields in five California areas, 1945-46. 





Bees PER HUNDRED SWEEPS 





Honey Bees 


Wild Bees 





No. Pollen 


Nectar Pollen Nectar 





OF 
AREA 


Year Frevtps Counts Range Mean 


Range Mean Range Mean Range Mean 








0-15 5 
3-37 10 


Blythe 1945 15 29 


1946 7 26 


3-18 8 
6-14 10 


1945 15 
1946 } 37 


Hemet 


1945 0-7 3 
1946 8-15 11 


Patterson 


0-0 0 
0-0 0 


1945 
1946 


Tracy! 


1945 19 es 2 
1946 2 2 


Ryer 


Island 


21-114 +h 248 10 0-2 
22-99 58 1-7 3 0-1 


57-152 108 1-23 10 0-3 
158-225 182 0-3 1 0-1 


3-23 11 1 


38-166 71 —6 
1-18 9 0-9 


26-66 48 


4-10 7 3-12 7 ~ 4 
0-7 + 2-19 10 -18 Ill 


42-42 42 
44-44 44 


18-27 23 


-23. 18 
14-14 14 -8 8 





1 The low honey bee counts in this area resulted from the removal of most of the commercial] apiaries during the alfalfa blooming 


period in order to avoid arsenical dusts applied to other crops. 


preted in the light of pollen competition. 
In Table 2, data are presented on tama- 
risk, Tamarix gallica, mustard, Brassica 
spp. and sunflower, Helianthus spp., as 
competing pollen sources when growing 
alongside alfalfa fields in southern Cali- 
fornia. (In this table the absolute figures 
obtained by the sweeping method cannot 
be compared directly from plant species 
to plant species because of differences in 
growth form and plant density. In any 
event, the ratios of pollen- to nectar- 
gathering bees are such as to indicate the 
importance of considering competing pol- 
len sources.) 


Table 2.—Effect of tamarisk, mustard, and 
sunflower as competing pollen sources when 
growing along the edge of blocming alfalfa 
ficlds in southern California. 








Bees per HunprReD SWEEPS 
Wild Bees! 


Pollen Nectar- Pollen- Nectar- 
PotLeN gather- gather- = gather- gather- 
SouRcE ing ing ing ing 


Alfalfa 1 23 13 
Tamarisk 77 2 5 
Sunflower 61 30 42 





Honey Bees 





‘ 
Loca.ity 
& Date 


Field A 
Blythe 
July, 1945 








Field B 
Hemet 
July, 1945 


Alfalfa 1 129 24 
Mustard 52 0 18 





Field C 
Hemet 
July, 1946 


Alfalfa 20 194 
Mustard 280 0 
Sunflower 8 44 1 


0 
3 
0 





1 Only wild bees of species known to also pollinate alfalfa were 
counted. 


In the 1946 season large collections of 
bees were made from a number of culti- 
vated and uncultivated plants adjacent 
to blooming alfalfa fields in Riverside 
Co., California. The principal species and 
species groups of bees have been evaluated 
as to their relative abundance on each 
principal plant competitor as compared to 
their abundance in the adjacent alfalfa 
fields (Table 3). On the basis of these 
collections it would appear that among 
the plants involved sweet clover, Melilo- 
tus alba, is the most important over-all 
competitor for alfalfa pollinators, followed 
in order of importance by mustard, car- 
rot, Daucus carota, tamarisk, sunflower, 
blue curl, Trichostema sp., and arroweed, 
Pluchea sericea. These conclusions are 
based not only on the total numbers of 
polien-gathering bees which are diverted 
from alfalfa but also on the relative effici- 
ency of the bee species involved. The 
table also suggests that of all the bees 
important in alfalfa pollination in these 
areas, the honey bee is most readily 
diverted from alfalfa by this particular 
series of competing pollen plants. It 
should also be pointed out that although 
several of these plant species are normally 
good nectar sources for honey bees and 
wild bees, in the presence of alfalfa they 
assumed a subordinate role. 

Other plant species from which collec- 
tions were made but which were found to 
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Table 3.—A rating of some competing pollen plants, when growing near blooming alfalfa fields. 


Riverside Co., California, 1946. 








Revative ATTRACTIVENESS AS Sources OF NecTAR AND PoLLeN as CoMPARED TO ALFALFA! 





Sweet Clover Mustard 


Sunflower 


Tamarisk Arroweed Carrots Blue Curl 





Pol- 


Pol- Nec- Pol- Nec- 
len 


len tar len tar tar 


Bex sp. 


Nec- 


Pol- Nec- 
len tar 


Nec- 
tar 


Pol- 


Pol- Nec- Pol- Nec- 
len 


len tar len tar 





Apis — 
, mellifera L. ++ + shop oa 
omia 
melanderi Ckll. ++ ++ - - 
Nomia 
peninsularis Ckll. ++ 
elissodes 
timberlakei Ckll. - 
Megachile 


P 
varipuncta Patton 
Lasioglossum 
spp. 
Hahetus 
spp. 
Agapostemon 
spp. 
Anthidium 
edwardsiit Cresson 


Anthophora 
spp. 


++ + 


44 





1 Legend: — — insignificant, — minor, + moderate, ++ great. 


be primarily of local importance or only 
competing for short periods of the day 
were: Bermuda grass, Cynodon dactylon, 
pigweed, Chenopodium sp., plantain, Plan- 
tago sp., puncture vine, Tribulus terrestris, 


heliotrope, Heliotropium curassavicum, 
milkweed, Asclepias spp., Colorado River 
hemp, Sesbania macrocarpa, tarweed, 
Hemizonia sp., and buckwheat, Erio- 
gonum sp. 

The importance of competing pollen 
sources suggested the desirability of 
attempting the elimination of competing 
plants in the vicinity of alfalfa fields in 
an attempt to determine whether this 
would result in an increase in the num- 
bers of pollen-collecting bees in alfalfa. 


Such an experiment was attempted at 
Hemet in the 1946 season, with 15 acres 
of land overgrown with mustard adjacent 
to a 13 acre alfalfa field. The results of 
this experiment are presented in table 4. 
It will be noted from the table that the 
removal of mustard from 10 acres re- 
sulted in a marked increase of bees on the 
following day in the remaining 5 acres of 
mustard. It was not until all of the mus- 
tard was removed that a marked effect 
was evident in the alfalfa field. Following 
the complete removal of the mustard 
there was a conspicuous increase both in 
per cent and total of pollen-collecting 
bees in the alfalfa field although there 
were other minor scattered patches of 


Table 4.—Effect of eliminating 15 acres of mustard as a competing pollen source adjacent to 


a 13 acre alfalfa field. Hemet, California, 1946. 








Beers pER HunprRED SWEEPS 





Alfalfa 


Mustard 





Per Cent 
Pollen- 
gathering 


Nectar- 
gathering 


Pollen- 


Dates! gathering 


Per Cent 
Pollen- 
gathering 


Nectar- 
gathering 


Pollen- 
gathering 





16 
20 
12 
34 
30 


July 26 
August 1 
August 2 
August 3 
August 4 


194 
136 
192 
216 


141 ai. 


100 
100 
100 


302 
280? 
4728 





1 All counts between 9:00 and 9:30 a.m. 
2 10 acres of mustard cut after this count. _ 
® Remaining 5 acres of mustard cut after this count. 














rd 
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fur. Ryer Island, California, 1945. 


Table 5.—Relation between popvlations of lygus bugs and bees in dusted, drifted, and un- 
dusted sections of an alfalfa field fifteen days after treatment with 4 per cent DDT-fused sul- 
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Bres PER HuNDRED SWEEPS 








Honey Bees 


Wild Bees 





Pollen- Nectar- 


SECTION OF FIELD gathering gathering 











Untreated Area 0 4 
Drifted Area 1 54 
Dusted Area 10 99 















Luavus 
Pollen- Nectar- Total Buas PER 
gathering gathering Bees SwEeEP 
0 0 + 82 
4 8 62 23 


16 1 126 11 











mustard in the area. It is not known how 
long this increase may persist but it is 
suggested that competing pollen sources 
should probably be abundantly available 
until alfalfa goes into bloom, then elimi- 
nated, provided the apiaries in the area 
have sufficient pollen in the combs to 
keep up the strength of the colonies. 

Blossom injury by lygus bugs is per- 
haps one of the most conspicuous of the 
biotic factors affecting the populations of 
bees in alfalfa fields. The exact population 
level at which lygus bugs have a measur- 
able effect upon the bee population has 
not yet been determined but 1945 data 
from a single field suggest that in this 
case it may have been around 10 to 12 
lygus bugs per sweep. The effect of large 
numbers of lygus bugs is clearly evident 
in table 5, which compares the bee and 
lygus populations in three parts of a 
single field on the fifteenth day after 
dusting the field with 4 per cent DDT- 
fused sulfur. Although this was an es- 
treme field in the size of the lygus popula- 
tion, it is indicative of differences in 
bloom resulting from different numbers of 
lygus bugs. 

Parasites, predators, and fungi are also 
biotic factors influencing the numbers of 
bees which visit alfalfa fields. Since many 
of the parasites and predators (nomadine, 
epeoline and melectine bees, bombyliid 
and asilid flies, etc.) spend the night in 
alfalfa fields while the pollinating bees are 
away, lygus bug control measures applied 
at this time may have the useful effect of 
reducing parasites and predators, pro- 
vided these same measures do not also 
have a residual effect which reduces the 
population of bees subsequently visiting 
the field. Nest-infesting fungi can best 
be avoided by reducing irrigation to a 
minimum. When irrigation is required, 
care should be taken to avoid permitting 








water to run over roadways and unculti- 
vated areas where solitary bees may be 
nesting. 

PHYSIOLOGICAL CHARACTERISTICS OF 
Poxuinators.—A number of physiologi- 
cal characteristics must be considered in 
evaluating the effectiveness of both indi- 
vidual bees and bee species as alfalfa 
pollinators. These include (1) the method 
by which bees orient themselves in rela- 
tion to a field, (2) their flight behavior 
within the field, (3) their method of 
collecting pollen, (4) the rate at which 
they trip flowers, (5) the amount of time 
spent in the field, (6) their pollen require- 
ments, (7) the degree of pollen constancy 
which they exhibit, and (8) their seasonal 
distribution. When these characteristics 
are considered in relation to the numbers 
of bees in a field, rough evaluations of 
various species may be made. 

The flight behavior of the bees involved 
in alfalfa pollination has considerable 
bearing on the pollination problem as a 
whole. Honeybees orienting themselves 
in a nectar-producing area tend to develop 
directional flight. Thus Eckert (1933), in 
a study of the distribution of honey bees 
from apiaries within a nectar-producing 
area, found that “bees have a tendency 
to fly in only one or two major lanes of 
flight, neglecting similar forage plants in 
other directions.” His experiments also 
showed that “bees would fly for from 
2.75 to 4.6 miles in one direction when 
located within a nectar-producing area 
and confine their efforts to working in 
that direction rather than in nearer fields 
of seemingly equal attractiveness.” This 
same characteristic was readily observ- 
able in alfalfa fields in the 1945 and 1946 
seasons. One 40-acre field which had 
about 30 colonies of bees located within 
it had one of the lowest honey bee counts 
of any field sampled, in spite of the fact 
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Table 6.—Tripping rates of some alfalfa pol- 


linators. 








FLowers 
TRIPPED PER 
No. MINUTE 
Brees 
OxssERVED 


Range Mean 
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Halcitidae 
Agapostemon melliventris Cress. 
Nomia peninsularis Ck}. 
Nomia melandri Ckll. 


4-12 
4-28 
4-12 


Megachilidae 

Anthidium edwardsii Cresson 12 
Diceratosmia subfasciata punctata 

Michener 6-12 
Megachile brevis Say 11-18 
Megachile gentilis Cress. 15 
Megachile coquilletti Cress. 11-20 
Megachile perihirta Ckll. 14-31 


Apidae 
Melissodes timberlakei Ckll. 1-16 
Anthophora urbana Cress. 11-11 
Xylocopa varipuncta Patton 22-24 
Bombus sonorus Say 13 
Bombus californicus Smith 12-21 
Apis mellifera Linn. 1-13 





that the field was attractive to solitary 
bees. When, in the latter third of the 
blooming period, the apiary was moved 
because of arsenical dusting in the vi- 
cinity, no corresponding sudden change 
in the population curve within the alfalfa 
field was detectable. The same was true 
of a 30-acre field which contained about 
50 colonies of bees. In the latter case, one 
of the major lanes of flight was directly 
down the length of the field, yet the bees 
were flying beyond the field for their 
nectar and pollen. In a third field, 5000 
honey bees were marked in two colonies 
placed in the middle of about 45 acres of 
blooming alfalfa. Although the alfalfa 
bloom was regularly sampled for bees, no 
marked individuals were recovered from 
the 45 acres involved. In at least two 
cases, however, honeybees placed near 
isolated fields were observed flying di- 
rectly to them. No such directional flight 
was observed in solitary bees, presumably 
due to the fact that the presence of 
specific pollen and nectar sources is not 
communicated from bee to bee, and in 
general the solitary bees appeared to 
visit the nearest fields, and the nearest 
portions of fields, that were in an attrac- 
tive state. The significance of the direc- 
tional orientation of honey bees in relation 
to alfalfa pollination would appear to be 
that any calculations as to the number of 
colonies per acre which may be expected 
to provide adequate coverage by honey 
bees should be made on an area basis, and 
that an individual grower who is not 
completely isolated cannot necessarily 
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Table 7.—Variation in the tripping rates of 
honeybees during a single day in an alfalfa field. 
Hemet, California, 1946. 








Minutes FLowers 
NuMBER OF TripPrep 
or Bers Opserva- PER 
OxssERVED TION MINUTE 


TEMPERA- 
TURE 
RANGE 


Time 
or Day 





70-76° F. 
79-83 
85-86 
87-88 
88-88 
89-88 
88-87 
87-86 
86-85 


8— 8:30 a.m. 
9— 9:30 


.9 
5 
) 


2 
5 
4 
4 
5 


1 
1 3 


Sr St Or Or Or Or Gr Or 





1 An adequate oupte could not be taken at this time due toa 
strong wind which subsided prior to the 3 p.m. count. 


count upon the bees in colonies placed 
directly in his fields. 

Another important physiological char- 
acteristic which influences the effective- 
ness of alfalfa pollinators is their method 
of gathering pollen. Honey bees and 
bumble bees tend to work more thor- 
oughly over the flowers of a single raceme 
and the racemes of a single plant, than do 
the solitary bees. The latter usually move 
about much more, spending but a short 
time on individual racemes and upon 
individual plants. This habit may account 
for a greater transfer of pollen from plant 
to plant than is normally accomplished by 
individual honey bees and bumble bees. In 
some seed areas of California this factor 
may be offset by the abundance of small 
halictine bees which cross-pollinate pre- 
viously tripped flowers. 

The rate at which various species of 
bees trip flowers, when considered along 
with the amount of time spent in the 
field, probably offers one of the best 
indices of the effectiveness of individual 
bees as pollinators. A few sample counts 
of tripping rates are shown in table 6. The 
tripping rate varies according to the time 
of day and is probably related to tempera- 
ture (Table 7). However, the extent to 
which this and other physical factors 
actually influence the rate and the rate 
constancy for various species are matters 
which require further investigation. In 
general, the megachiline and nomiine bees 
have shown consistently higher tripping 
rates than anthophorine, halictine, and 
honey bees, although the last appear to 
spend a greater amount of time in the 
field. 

When pollen requirements of the alfalfa 
pollinators are considered, the wild bees, 
individual for individual, are superior, 
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because every female is a pollen-gathering 
bee and must store large quantities to 
rear her young. In the case of honey bees, 
on the other hand, although pollen is 
utilized as an essential food item for the 
brood, it constitutes but a part of the diet. 
However, honey bees usually store pollen 
in excess of their needs, although they do 
not require as much per individual. Fortu- 
nately, this is partially compensated for 
by the large number of individuals in a 
colony, and at times, a substantial propor- 
tion of the field force may be pollen col- 
lectors. Thus Vansell (1942), observing 
the bees returning to colonies at Camino, 
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Fic. 1.—Population trends throughout a single day 
for both pollen- and nectar-collecting honeybees 
and native wild bees as correlated with temperature 


and relative humidity. Patterson, California. Au- 
gust, 1946. 


California, found an average of 18.5 per 
cent carrying pollen. 

Pollen constancy is useful in evaluating 
the effectiveness of both species and 
individuals of pollinating bees. Loew 
(1884) applied the term heterotropy to 
the differences which he observed in 
flower-visiting habits of bees with tongues 
of about equal length. On this basis he 
recognized three types, oligotropic, mono- 
tropic and polytropic bees, depending 
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upon whether they visited related species 
of plants, a single species of plant, or 
unrelated species of plants, respectively. 
Since these terms were applied to nectar 
as well as pollen visits, Robertson (1925) 
proposed the terms oligolectic, monolectic 
and polylectic for the pollen visits of 
bees. Since alfalfa is an introduced plant, 
its pollinators are thus either oligolectic 
or polylectic, monolectic bees being re- 
stricted to endemic plant species. Ob- 
viously the most dependable pollinators 
will be the oligolectic species, since the 
number of alternative pollen sources to 
which they may be diverted is limited. 
Among the wild bees, certain species of 
Megachile, Melissodes, Nomia, Anthidium, 
and others, appear to be oligolectic, con- 
fining their pollen collecting activities 
largely to legumes. On the other hand, 
honey bees and certain Halictus, Antho- 
phora, ete. are polylectic, collecting pollen 
from almost any available source. How- 
ever, in spite of these differences which 
apply at the species level, individual 
bees show varying amounts of constancy 
in their pollen-collecting habits. Thus, 
although certain Anthophora species are 
polylectic, individual bees will collect 
their pollen largely from one source at a 
time, provided, of course, that the pollen 
is available in sufficient quantity. This is 
evident both from examination of pollen 
loads from individual bees and from the 
pollen stored in their cell series. It is well 
known that the honey bee exhibits the 
same characteristic. Brittain & Newton 
(1933, 1934) in an analysis of pollen con- 
stancy of various polylectic species visit- 
ing apple, found Halictus spp. and the 
honey bee about equally constant, both 
superior to Andrena spp. 

Finally, the seasonal distribution of the 
pollinators in relation to the blooming 
period of the alfalfa partially determines 
their effectiveness. Honey bees and some 
bumble bees are available throughout the 
blossoming period, and the numbers of the 
former may be readily increased and 
manipulated by man, whereas most of 
the important solitary bees are summer 
or fall species and have but one generation 
a year. In general, the solitary bees be- 
come more abundant as the season pro- 
gresses and, in most of the fields under 
observation, did their most effective work 
in the latter half of the blooming period. 
Thus, when honey bees were not abun- 
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dant, some of the fields which first came 
into bloom and which bloomed longest 
showed no significant increases in yields 
over those which came in later and re- 
mained in bloom for shorter periods. 

Discussion.—Since the number of pol- 
linating bees in California alfalfa seed 
fields generally appears to be far less than 
necessary for maximum seed production, 
any means for increasing the bees would 
seem to be well worth while. Honey bees 
obviously offer the simplest method for 
increasing numbers since they are under 
man’s control and can be moved from 
place to place. As indicated previously, 
however, the mere increase of the honey 
bee population in an alfalfa field does not 
necessarily mean a proportionate in- 
crease of pollinators, as is evident from a 
comparison of the figures for the Blythe 
and Hemet areas (Table 1). Coincident 
with the movement of bees into the area 
as alfalfa comes into bloom, there should 
be attempts made to eliminate sweet 
clover, mustard, sunflower and other 
plants which provide competing pollen 
sources. It is also possible that manipula- 
tion of the pollen supply in the colony 
might have a beneficial effect, although 
the studies of Todd & Bishop (1941) 
indicate a tendency in various California 
localities for bees to rear brood to the 
limit of the pollen supply. In such cases, 
pollen manipulation would therefore prob- 
ably have an adverse effect upon the 
colony without accomplishing the purpose 
for which it was designed. Further, it 
would require the active participation of 
beekeepers. 

The encouragement of native bee popu- 
lations offers a number of possibilities, 
although none of them can be expected 
to yield sudden or immediate results. 
Since most of the native bees nest near the 
fields which they visit, it is desirable to 
grow seed in the immediate area (although 
not necessarily the same field) year after 
year. Uncultivated strips should be left 
near the field to provide sites for nomiine, 
anthophorine and other ground-nesting 
bees. Summer irrigation should be avoided 
whenever possible. Fence posts, logs and 
dead trees should be left near the fields 
and drilled full of holes 0.2 to 0.25 inch 
in diameter and from 4 to 6 inches 
deep, which may be used by mega- 
chilids. These same bees require rose 
leaves or leaves of similar plants for 
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lining their nest cells, and will fly a 
quarter of a mile or more for such materi- 
als. Rose bushes for this purpose might 
be planted more extensively around farm 
houses or along fence rows. Peck & Bolton 
(1946) have reported preliminary results 
of attempts to increase artificially popu- 
lations of Megachile in alfalfa seed areas 
of Saskatchewan and have discussed the 
possibilities of increasing numbers of 
Bombus. 

Conciusions.—(1) Maximum alfalfa 
seed production in California appears to 
be dependent upon the pollinating activi- 
ties of honey bees and of many wild bees. 

(2) In those California areas surveyed 
during the season of 1945, the major 
proportion of the pollinating bees en- 
countered in alfalfa fields comprised na- 
tive species. In 1946, this situation was 
reversed in all of the areas studied except 
near Tracy. The increased activity of 
pollen-gathering honey bees may have 
been due to a dry spring which may have 
caused a pollen deficiency in early season 
vegetation. This same dry season may 
have adversely affected the subsequent 
emergence of native wild bees. 

(3) In most of the fields where it was 
possible to follow population trends 
throughout the period of bloom, those of 
the solitary bees were frequently more 
stable than those of the pollen-collecting 
honey bees, but in the various areas 
involved the former reached their peak a 
little later in the season. However, honey 
bee populations are subject to manipula- 
tion by man, and efforts should be made 
to increase their numbers in seed-pro- 
duction areas. 

(4) The important species of solitary 
bees involved in alfalfa pollination fly 
more rapidly than the honey bee, trip 
more flowers per minute, and visit a 
smaller percentage of the flowers on any 
one plant, thus apparently accomplishing 
not only more pollination, but probably 
also a greater transfer of pollen frora 
plant to plant, per individual bee. The 
honey bee, on the other hand, appears to 
spend more time in the field than the 
wild bees and begins collecting pollen 
earlier in the morning and continues later 
in the day. 

(5) No noticeable effects upon the 
honey bee populations of certain fields 
were evident as a result of the addition or 
removal of apiaries from these fields. 
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Apparently honey bees commonly fly 
long distances in search of pollen and 
nectar and do not necessarily utilize the 
most readily available source. Thus, if 
honey bees are to be used to increase 
alfalfa pollination, calculations should be 
based on an area as a whole, not on 
individual fields. 

(6) The encouragement of wild bee 
populations does not appear to be hope- 
less and a number of possibilities should 
be tried experimentally. Factors which 
favor the increase of wild bees would 
appear to include the production of seed 
in any particular vicinity year after year; 
a minimum of summer irrigation; allowing 
uncultivated strips to remain near the 
fields; the preparation of fence posts, 
logs, dead trees, ete. for nest sites, and the 


planting of rose bushes and certain other 
plants in the vicinity to provide suitable 
nest materials for megachilids. 

(7) Elimination of sweet clover, mus- 
tard, sunflower and various other plants 
which blossom during the period when 
alfalfa is in bloom, should increase the 
number of pollinating honey bees in al- 
falfa as well as that of certain of the 
species of wild bees. Wherever possible, 
competition with other seed crops, es- 
pecially carrots, should be avoided. 

(8) The abundance and effectiveness of 
pollinating bees can be increased by 
lygus bug control, thus reducing blossom 
injury by these bugs, provided the meas- 
ures employed do not themselves have a 
detrimental effect upon the bees and their 
activities. 
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The Effects of DDT and Certain Other Insecticides 
on Alfalfa Pollinators 
E. G. Linsey, and J. W. MacSwatn,! University of California, Berkeley 


In connection with the use of dichloro- 
diphenyl-trichloroethane and other in- 
secticides for the control of lygus bugs on 
alfalfa seed crops it is obviously important 
to determine the effects of these materials 
on pollinating insects. It has been estab- 
lished that most varieties of alfalfa must 
be tripped and cross-pollinated by bees 
in order to assure a satisfactory seed set. 
Also, alfalfa provides one of the most 
important sources of nectar for commer- 
cial beekeepers, particularly during the 
summer months in California. For these 
reasons field studies were undertaken in 
connection with the extensive control 
experiments reported by Smith & Michel- 
bacher (1946) in an attempt to determine 
the effects of applications of insecticides 
upon field populations of bees which 
visit alfalfa. Since the selection of the 
fields, the design of the field tests, and the 
methods of application of the insecticides 
in the 1945 season have been described by 
them, they need not be repeated here, as 
essentially the same procedure was fol- 
lowed in 1946. 

Eckert (1945) has reported the results 
of tests as to the effect of DDT on honey 
bees when (1) a solution was sprayed on 
cages in which the bees were later con- 
fined, (2) when various concentrations of 
dusts were sprinkled on the bees in cages 
and in their hives, and (3) when DDT 
was mixed with queen-cage candy, pollen, 
and sugar syrup. Shaw (1946) has re- 
corded tests with solitary bees and bumble 
bees which were confined in cages and 
dusted lightly with 5 per cent DDT. 
These studies indicate that when various 
concentrations of DDT dusts are applied 
directly to bees, some or all of the bees may 
be killed. Wolfenbarger (1944) and Kulash 
(1945) have utilized DDT for the destruc- 
tion of out of place honey bee colonies. 

Metuops.—Population trends of bees 
during the blooming period of the fields 


1 The writers wish to express their sincere appreciation to 
A. E. Michelbacher, R. F. Smith, W. F. Barr, and P. D, Hurd 
of the University of California for assistance in field observa- 
tions, to N. L. McFarlane of the A ricultura] Extension Service 
and M. A. Perry of Hemet for help in the selection of fields, 
and to J. Eckert of the University of California and Fred 
Platt of & Riverside County Agricultural Commissioner’s 
Office for advice and assistance in relation to problems associated 
with the honey bee. 


were followed by means of the sweeping 
method reported by Linsley (1946a). All 
population samples were taken in 25- 
sweep counts, with the number of stations 
depending upon the acreage involved. The 
majority of the fields sampled were be- 
tween 10 and 40 acres in area. During the 
1945 season 30 fields were sampled and 
in 1946, there were 27. The fields were 
selected from four of the major seed- 
producing areas of California (Palo 
Verde Valley, Hemet area, northwestern 
San Joaquin Valley, and southern Sacra- 
mento Valley), and during the periods in 
which the counts were made the number 
of colonies of honey bees in each area was 
relatively static. 

In the 1946 season, cage tests were also 
undertaken although it was recognized 
that such tests might not be comparable 
to those made in field conditions. In these 
tests random samples of 20 bees each 
were collected from the both the dusted 
and the undusted sections of the experi- 
mental fields. Each bee was collected 
individually in a clean test tube and care 
was taken to avoid contamination of the 
tubes by the insecticide. In order to 
standardize the tests, in so far as possible, 
only young bees were taken and they 
were collected just as they left the flower. 
After the bee was collected, the tube was 
progressively darkened permitting the in- 
sect to move into the cage as a result of 
phototropic response. 

Each cage? used in these experiments 
consisted of a wooden frame with inside 
measurements of five eights inch by 3 by 
4 inches, with a bottom and a sliding top 
of eighth-inch hardware cloth or gal- 
vanized window screen. A half-inch lateral 
entrance hole permitted the introduction 
of the bees. Each cage contained two 
small beeswax cups of nutrient solution 
(cane sugar in water, 1 to 1 by volume). 

In the early stages of the study there 
was some doubt in the minds of the 
investigators as to whether the handling 
of a group of bees in a single cage might 
not permit contamination or induce vio- 


2 The cages were designed by J. E. Eckert and were similar 
to those used in previous studies (Eckert 1945). 
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Table 1.—Honey bee population trends in alfalfa seed fields treated with 5 per cent DDT in talc 


applied by airplane. 








AVERAGE NuMBER OF BEEs PER HUNDRED SWEEPS 





Pre-treatment Counts 


Post-treatment Counts 





DATE AND AMOUNT 




















APPLIED PER ACRE LocaLity Date DDT Check Date DDT Check 
June 17, 1945 Hemet 6/16 109 129 6/17 78 141 
30 Ibs. 6/18 102 140 

6/19 119 132 
July 3, 1946 Hemet 7/2 208 176 7/3 174 220 
38 Ibs. 7/5 196 180 
7/6 230 176 
7/8 184 180 
7/14 125 110 
July 4, 1946 Hemet 7/3 165 172 7/4 108 204 
$2 lbs. 7/5 145 290 
7/7 232 324 
7/9 222 220 
7/16 214 142 
July 6, 1946 Hemet 7/3 102 124 7/6 74 158 
33 lbs. 7/7 174 264 
7/9 156 182 
7/11 123 162 
7/20 223 190 
June 9, 1945 Blythe 6/8 76 82 6/9 32 104 
30 lbs. 6/10 107 158 
6/11 164 135 
6/12 130 120 
June 19, 1946 Blythe 6/18 102 123 6/19 34 124 
6/20 72 123 
6/21 85 110 
6/22 96 95 
6/26 102 84 





lent individual reaction. For this reason 
the cage test bees were checked against 
an equal number of individual specimens 
confined in test tubes. The mortality 
rates were found to be entirely consistent 
in the two methods. In both cases the bees 
remained relatively quiet under the con- 
fined conditions and readily fed on the 
sugar syrup provided. 

During the period of collection (15 to 
20 minutes) the cages were kept in the 
shade and as soon as the required number 
of bees were obtained each cage was 
placed in a large cardboard carton covered 
with wet sheets. These cartons were 
stored indoors and temperature readings 
taken each time the sample was checked. 
Temperatures in the cartons ranged from 
17° to 32° C., with the majority of readings 
between 21° and 27° C. 

PoputaTiIon TRENDS IN DvusTED 
Fretps.—When data from all the fields 
dusted with 5 per cent DDT were ana- 


lyzed, they exhibited a characteristic 
pattern of population trend. In all cases 
honey bee population samples taken by 
the sweep count method were smaller on 
the day in which the dust had been ap- 
plied than counts taken in the same sec- 
tion, at the same hour, on the previous 
day. Coincident with this reduction the 
untreated sections of the field usually 
showed an increase over counts taken at 
the same time on the previous day. The 
counts taken on subsequent days demon- 
strated a gradual buildup of the popula- 
tion in the dusted area over a 3 or 4 day 
period. In most instances the population 
in the dusted section reached a peak 
higher than it had been the day before 
dusting or that in the check area.’ In 
general the depression in the population 
on the day in which the dust was applied 


3 This effect becomes most conspicuous where populations of 
lygus bugs were high prior to dusting, and has been reported 
previously by Vansell and Todd (1946) and Linsley (1946b). 
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Table 2.—Population trends of honey bees and native wild bees in an alfalfa seed field on Ryer 


Island, Calif., treated on July 16 and again on Au 


st 9, 1945 with 4 per cent DDT-fused sulphur ap- 


plied by ground machine at approximately 30 lbs./acre. 








AVERAGE NuMBER OF BEEs PER HUNDRED SWEEPS 





First Dusting Counts 


Second Dusting Counts 











DDT-fused Drifted Untreated DDT-fused Drifted Untreated 
Date Sulphur Area! Area? Date Sulphur Area! Area? 
Honey Bees 
7/25 71 57 49 8/11 27 46 0 
8/1 109 56 + 8/16 48 82 0 
8/6 96 46 0 8/21 78 24 0 
8/9 87 42 0 8/25 68 26 0 
Wild Bees 
7/25 12 14 1 8/11 6 + 0 
8/1 17 6 0 8/16 5 6 0 
8/6 14 5 0 8/21 24 5 0 
8/9 13 5 0 8/25 18 7 0 





1 Drifted area almost identical in both treatments. 


2 Low population in untreated area due to uncontrolled blossom injury by lygus Lugs. 


was not less than 30 per cent, nor greater 
than 50 per cent, when the counts were 
taken at about the same hour each day 
and when climatic conditions were similar. 
For examples of honey bee population 
trends in dusted fields see table 1. Native 
wild bee populations did not, however, 
exhibit the same depressions that were 
evident in the case of honey bees. How- 
ever, in the 1946 experimental fields the 
wild bee populations were too low to 
permit satisfactory conclusions. In one 
field at Hemet, bumble bees were more 
abundant on the day of dusting than they 
had been on the previous day. Further 
study will be required to determine wheth- 
er or not wild bees and honey bees react 
differently to DDT dusts. 

Similar honey bee population curves 
were obtained when fields were dusted 
with 3 per cent DDT at both 20 and 30 
lbs. per acre. In these experiments evi- 
dence was not, however, clear as to what 
extent the depressions varied with ma- 
terials or rates of application. There was 
some suggestion that the population de- 
pressions were less pronounced in lighter 
applications of 5 per cent DDT at 20 lbs. 
per acre and in applications of 3 per cent 
DDT at 30 lbs. per acre in fields where 
these rates of application were compared 
directly with 5 per cent DDT at 30 lbs. 
per acre. 

Honey bee population trends in a field 
to which had been applied a dust con- 
taining 4 per cent DDT fused with 85 
per cent sulphur were similar to those 


described above but the recovery period 
was greater, involving a week or 10 days 
(Table 2). In addition there was visible 
injury to the bloom as a result of applica- 
tion of this material. When this dust was 
applied while the bees were in the field, 
population curves for native bees and 
honey bees were similar. 

In one field in which 5 per cent DDT 
with 50 per cent sulphur was compared 
with 5 per cent DDT in talc, both applied 
at approximately 30 Ibs. to the acre, no 
difference in population curves was evi- 
dent. In the application involving sulfur, 
a slight burning of the edges of the petals 
was visible for several days. 

In one experiment a comparison was 
made of the effects of dusts containing 
8 per cent Velsicol 1068, 1 per cent gamma 
isomer of hexochlorocyclohexane, 5 per 
cent dimethoxy-diphenyl-trichloroethane 
and 50 per cent sulphur in inert carrier, 
and 5 per cent DDT all applied at about 
30 lbs. per acre on a 34 acre field. In this 
case the honey bee population curve 
showed the least reduction with 5 per 
cent DDT. In another case where 5 per 
cent DDT was compared with 5 per cent 
dimethoxy-dipheny]-trichloroethane in in- 
ert carriers, the greatest reduction was in 
the DDT section of the field. 

VistBLE Errects oF INSECTICIDES ON 
Beunavior or Fietp Bers.—Honey bees 
entering a field on a morning when DDT 
has been applied do not immediately 
alight on the blossoms in the usual man- 
ner, but approach a variable number of 
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racemes before taking nectar. This be- 
havior pattern, which is similar to that 
which occurs when nectar is scarce, may 
be observed for several hours in the 
morning. In addition about 5 per cent 
or less of the field population on the 
morning of dusting would be found resting 
on the alfalfa plants, either motionless 
or cleaning their tarsi and mouthparts.! 
Occasionally, particularly when disturbed 
these bees would fall to the ground. After 
a few seconds of buzzing on the ground 
they would fly off. On one occasion a bee 
was seen to fall from a flight lane into the 
road but after a few minutes on the 
ground it was able to fly away. During the 
collection of honey bees for cage tests in 
the first few hours after dusting, approxi- 
mately 15 to 20 per cent of the bees, 
taken while flying off of the flowers, 
either failed to show a clear-cut positive 
phototropic reaction in moving from the 
test tube to the cage or they showed 
partial paralysis of the legs while walking 
in the test tubes. This reaction was much 
less noticeable later in the day and was 
only occasionally detectable on the fol- 
lowing day. However, in spite of all such 
aberrant behavior of bees in DDT- 
dusted fields no unusual numbers of dead 
bees were noted in the dusted fields even 
in row plantings where dead bees may be 
readily observed. Observations on native 
wild bees were inadequate but no ab- 
normalities in behavior were noted dur- 
ing these studies. 

In the 1945 season, sabadilla was ap- 
plied to a field at Blythe at about 30 Ibs. 
per acre. Within a few hours after the 
bees entered the field practically all of 
the bees were exhibiting abnormalities of 
behavior. Many were hanging on the 
plants cleaning themselves and a large 
number were buzzing around on the 
ground about the base of the plants and 
apparently dying. Similar observations 
were made in another application of this 
material. The visible effect upon bees in 
these two applications was greater than 
with any of the other materials studied. 

Resvutts or Cace Trests.—Cage tests 
were made with honey bees collected 
from fields dusted with 5 per cent DDT 
at rates of application varying from 20 
to 43 lbs. per acre (Table 3). Where the 
rate of application was approximately 20 


1 When 10 such bees were caged 4 hours after dusting, 50 per 
cent died in 3 hours, 90 per cent in 24 hours. 
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Table 3.—Results of cage tests with honey bees 
collected from alfalfa fields treated by airplane 
with 5 per cent DDT in talc. 








Hours Perr Cent Bees 
AFTER Deap IN 














7 A.M, INDICATED 
Pounps Nomper Bess Hovrs! 
PER oF CoL- 

Acre Locatity Bees tuxcrep* 6 12 24 
20 Hemet 20 3 25 75 100 
21 Hemet 20 4 35 70 85 
21 Hemet 20 4.5 10 40 75 
21 Hemet 20 5 10 35 60 
20 Hemet 20 7.5 30 80 90 
20 Hemet 20 $3.5 0 10 10 
$1 Hemet 20 3.5 25 70 «100 
$1 Hemet 20 4 20 70 80 
29 Hemet 20 4.5 5 75 90 
82 Hemet 20 6 80 85 90 
32 Hemet 20 6.5 50 75 100 
82 Hemet 20 6.5 65 75 90 
$1 Hemet 20 7 90 95 100 
32 Hemet 30 7.5 83 92 92 
$1 Hemet 20 8 80 95 100 
31 Hemet 20 27.5 0 10 15 
$1 Hemet 20 33 0 15 25 
40 Blythe 30 3 3 30 56 
43 Blythe 80 8 7 83 50 
43 Blythe 20 5 5 45 70 
41 Blythe 30 5.5 16 53 60 
40 Blythe 380 6.5 83 53 67 
41 Blythe 20 27 10 25 35 
41 Blythe 20 6° «(661 15 30 30 





1 Data from bees collected from undusted check areas showed 
a mortality in 24 hours of from 0 to 5 per cent. 

2 Because the time of application varied from 4:30 a.m. to 
7 a.M., all counts were measured from 7 4.M., approximately when 
the bees first came into the fields. 


pounds per acre, from 60 to 100 per cent 
of the bees in samples collected on the 
day of dusting died within 24 hours. In a 
sample taken from one of these fields the 
afternoon of the day following dusting, 
only 10 per cent of the bees were dead in 
24 hours. 

Where the rate of application was 
approximately 30 Ibs. per acre, from 80 to 
100 per cent of the bees collected on the 
morning of dusting were dead in 24 hours. 
In a sample taken on the morning of the 
second day, 15 per cent were dead in 24 
hours, while of a sample taken in the 
afternoon, 25 per cent died. 

Where the rate of application was 
about 40 lbs. per acre, only 50 to 67 per 
cent of the bees were dead in 24 hours. 
Yet samples taken from one of these 
fields on the morning and afternoon of the 
day following dusting, showed 35 and 30 
per cent mortality, respectively, in 24 
hours. 

In general it was observed that honey 
bee samples collected on the morning of 
dusting showed a smaller per cent inicial 
mortality (at 6 hours) than was true of 
samples taken later in the day. However, 
the final mortality (at 24 hours) was not 
strikingly different. There was no further 
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mortality after 24 hours when cages were 
kept for 48 to 72 hours. In these same 
periods of time the rate of mortality in 
caged bees from untreated areas was not 
more than 5 per cent (1 bee in 20). 
Native wild bees were extremely difficult 
to capture without contamination and 
for this reason experiments comparable 
to the above were impossible. In one 
case, a few specimens of Nomia penin- 
sularis collected from the dusted section 
of a field and held in cages failed to die in 
24 hours. 

Discussion.—A striking characteristic 
of blooming alfalfa fields dusted with 
DDT and certain other insecticides is the 
distinct depression in the population of 
bees which becomes evident shortly after 
dusting. Two possible explanations for 
this depression are suggested. The most 
obvious conclusion would be that this 
depression reflects bee mortality. In favor 
of this argument are: (1) the presence of 
“sick” bees hanging onto the foliage, (2) 
evidence of paralysis in bees collected for 
cage studies, and (3) the high percentage 
of mortality in caged bees collected from 
dusted fields, Although these facts do not 
indicate its extent, they strongly suggest 
that some field mortality occurs. Fur- 
thermore, some beekeepers claim to have 
sustained serious losses of field bees fol- 
lowing applications of DDT. Against the 
argument that the depression is wholly 
explainable on the basis of mortality are: 
(1) the very rapid build-up of field popu- 
lations of bees after dusting, even where 
a high percentage of the blooming alfalfa 
fields in any one area are dusted more or 
less simultaneously, (2) the reduction of 
the field population rarely surpassed 50 
per cent of what it was on the day before 
dusting, (3) the absence of dead bees in 
dusted fields or at apiaries, and (4) the 
fact that many beekeepers have reported 
no evidence of depletion of their field 
force following applications of DDT. It 
should be pointed out, however, that the 
absence of dead bees in the fields and at 
apiaries may merely indicate that bees 
affected with DDT leave the field and 
die without returning to their hives. 

If the population depressions which 
invariably follow dusting are not a re- 
flection of large scale bee mortality, some 
other explanation must be offered. It has 
been suggested by some workers that the 
dust acts as a repellent to the bees and 
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keeps them from the field until such time 
as new flowers open to make the bloom 
once again attractive. Two further points 
argue in favor of this explanation, (1) 
there is almost invariably a rise in the 
population in undusted areas coincident 
with the decrease in dusted sections, and 
(2) bees, upon entering a newly dusted 
field, fail to light normally on the dusted 
flowers but fly from raceme to raceme 
for some time. Such an explanation, how- 
ever, would have to be based either on the 
assumption that the bees which die under 
the confined conditions of the cage tests 
would otherwise have left the field and 
have recovered from a sublethal dose of 
DDT, or one that most of the bees which 
would have normally entered the field 
were repelled before doing so. 

Concuiusions.—On the basis of field 
observations during the 1945 and 1946 
seasons, the following conclusions may be 
drawn as to the effect of DDT and certain 
other insecticides on alfalfa-pollinating 
bees. 
1) Following dusting of alfalfa in 
bloom with DDT and certain other in- 
secticides there is an almcst immediate 
decrease in the number of vees in com- 
parison with those which were present at 
the same time on the previous day. This 
depression is followed by a build-up of the 
population which usually requires 3 or 4 
days. In the case of 4 per cent DDT- 
fused sulphur this recovery period ap- 
pears to require a longer period of time. 

2) Coincident with the depression of the 
population in fields dusted with DDT 
there is usually an increase in adjacent 
undusted sections. 

3) When honey bees are collected and 
caged from fields recently dusted with 
DDT, a large percentage of them die 
within 24 hours. 

4) Large scale bee mortality under 
field conditions has not yet been demon- 
strated experimentally. 

5) In spite of the suggestiveness of cage 
tests, the possibility still remains that 
depressions in bee populations following 
application of certain insecticidal dusts 
may be largely or partially the result of 
some sort of repellent action. 

6) More work will be required before it 
can be stated whether or not DDT and 
certain other insecticides applied to alfalfa 
in bloom will kill a sufficient number of 
the native wild bees and honey bees to 











». 3 


me 
om 
nts 
(1) 
the 
ont 
nd 
ed 
ed 
me 
w- 
he 
ler 
sts 
nd 


ch 


Id 


——— SS a 





June 1947 ScHWARDT ET AL.: DDT, HEXACHLOROCYCLOHEXANE AND Rep CLOVER 363 


influence adversely tripping and cross- 
pollination, or to affect the beekeeper 
economically. In the meantime, it is 


early in the growth of the plant as the 
lygus population warrants and that a 
second dusting be applied only when 


suggested that where DDT is to be used absolutely necessary.—1-14-47. 
for lygus bug control, it be applied as 


LITERATURE CITED 


Eckert, J. E. 1945. The effect of DDT on honeybees. Jour. Econ. Ent. 38(3): 369-74. 
Eckert, J. E. 1946. Effect of certain insecticides on beekeeping. Calif. Agr. Expt. Sta. Cire. 365: 22- 


25. 

Kulash, W. M. 1945. DDT and “control” of honeybees. Jour. Econ. Ent. 38(5): 609. 

Linsley, E. G. 1946a. Insect pollinators of alfalfa in California. Jour. Econ. Ent., 39: 18-28. 

Linsley, E. G. 1946b. Effect of DDT on insect pollinators of alfalfa. Calif. Agr. Expt. Sta. Cire. 365: 
18-22. 

Smith, R. F. and A. E. Michelbacher. 1946. Control of lygus bugs in alfalfa seed fields. Jour. Econ. 
Ent., 39(5): 638-48. 

Shaw, F. R. 1946. Some observations on the effect of a 5% DDT dust on bees. Can. Ent., 78: 110. 

Vansell, G. H. and F. E. Todd. 1946. Alfalfa tripping by insects. Jour. Amer. Soc. Agron., 38: 479-88. 

Wolfenbarger, D. O. 1944. DDT for “‘out of place” honeybee colonies. Jour. Econ. Ent. 37(6): 849- 
50. 














Increasing Red Clover Yields by Treatment with DDT 
or Hexachlorocyclohexane 


H. H. Scuwarpt, L. D. Newsom and L. B. Norton,! Cornell University, Ithaca, New York 


It has long been recognized that the 
various forage crops are hosts for large 
numbers of insects. The probable amount 
of injury they cause has, however, been 
a matter of debate among entomologists 
and agronomists. The study reported here 
was a preliminary attempt to determine 
the extent of insect injury to red clover 
in New York. The possible hazards due to 
insecticide residues remaining on the 
plants was an additional consideration. 

Three 40 by 40 foot replicates of six 
treatments and a check, arranged in a 
randomized block, were laid out on a 
thick, even stand of red clover and timo- 
thy near Skaneateles, New York. The 
meadow was in its first crop year. The 
seeding mixture contained 6 quarts of 
clover and 5 of timothy. The six treat- 
ments were as follows: 

1. DDT dust, 1 per cent, 50 pounds per acre, 

applied May 13, May 20, May 27, and June 3. 

2. DDT dust, 2 per cent, 50 pounds per acre, 
applied May 13, and May 29. 

3. DDT dust, 3 per cent, 50 pounds per acre, ap- 
plied May 13, and June 38. 

4. Hexachlorocyclohexane, 1 per cent mixed 
isomers, .183 per cent gamma isomer, 50 
pounds per acre, applied May 13, May 20, 
May 29, and June 3. 


1 The authors are indebted to Dr. J. K. Loosli, Professor of 
Anima] Nutrition, Cornell University, who furnished experi- 
mental] animals, and animal quarters, and supervised the feeding 
experiment. 


5. Hexachlorocyclohexane, 2 per cent mixed iso- 
mers, .266 per cent gamma isomer, 50 pounds 
per acre, applied May 13, and May 29. 

6. Hexachlorocyclohexane, 3 per cent mixed 
isomers, .399 per cent gamma isomer, 50 pounds 
per acre, applied May 13, and June 3. 

7. Check. 


The crop was cut on July 6. The interval 
between last treatment and cutting there- 
fore was 33 days for all 1 and 3 per cent 
materials, and 38 days for both 2 per cent 
materials. 

In cutting the hay for yields a 3 foot 
swath around the block and along all plot 
boundaries was removed with a scythe 
after which the plots were cut with a 
power mower. All cuts with the power 
mower were taken in one direction. A 
crew of five men followed the mower and 
immediately stacked the green hay to 
reduce moisture loss to a minimum during 
the short period between cutting and 
weighing. Green weights were taken in the 
same order that the plots were cut and 
stacked. After weighing, the green hay 
was redistributed over the plots and 
cured for two days under ideal weather 
conditions. The cured hay was weighed, 
baled, graded, and stored in a manner to 
insure adequate ventilation. 

After analysis for residue (see Table 1), 
hay from the three DDT plots was mixed 
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Table 1.—DDT residue in clover hay, Ithaca, 
N. Y.—1946. 
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INTERVAL 
BETWEEN 
Amount DDT Aprtiep Last Dust-  P.P.M. 
(Aut at 50 Las. ING AND OF 
PER ACRE) CurTTIne DDT 

1%—4 applications 33 days 12 
$3 days 13 
33 days 10 
2%—2 applications 33 days 6 
33 days 6 
33 days 6 
8%—2 applications 38 days 17 
38 days 13 
38 days 13 





and fed to a diary cow daily for a two- 
month period. DDT analyses on milk, 
urine, and faeces from the cow were 
made. 

As shown in table 2, the greatest in- 
creases in yield of clover hay were ob- 
tained from the plots dusted with one or 
two per cent material. Differences be- 
tween treatments other than the check 
probably are not significant, but increases 
over the check plots are significant. 

Shortly before cutting time the much 
better condition of the treated plots was 
shown by their greener color, greater 
percentage of blooming, and small amount 
of timothy. 

Figures on the numbers of various 
insects present in the plots were obtained 
from sweepings, cuttings of roots, and 
examinations of clover blossoms. The 
principal species present in the area and 
believed to be responsible for the greater 
part of the injury observed were a clover 
weevil, Hypera meles ; the clover head wee- 
vil, Tychius griseus; the tarnished plant 
bug, Lygus oblineatus; the clover root cur- 
culio, Sitona hispidula; the meadow spit- 
tlebug, Philaenus leucophthalmus; the po- 
tato leafhopper, Empoasca fabae ; theclover 
root borer, Hylastinus obscurus; and 
several species of aphids. Reduction in 





Vol. 40, No. 3 


Table 2.—Increases in yields of red clover 
after treatment with DDT or hexachlorocyclo- 
hexane—Skaneateles, N. Y.—1946. 








Per Cent or 
INcREASE OvER 





Green Dry CHECK 

Wr Wr —————_- 
Fotale for3 Green Dry 
TREATMENT plicates) Wt. Wt. 
Benzene hexachloride—1% 1271 587 22.0 10.7 
DDT—1% 1205 532 15.7 9.7 
Benzene Hexachloride—2% 1225 538 17.7 10.9 
DDT—2% 1212 527 16.4 8.6 
Benzene hexachloride—8% 1146 520 10.0 7.2 
DT—38% 1195 516 14.8 6.4 

Checks 1041 485 _ _ 





infestation was most apparent in the 
cases of the weevil Hypera meles,' and the 
meadow spittlebug. Aphids were signifi- 
cantly reduced soon after each treatment 
but built up in numbers rapidly after- 
ward. Infestations of the tarnished plant 
bug and potato leafhopper were too small 
to yield significant figures. Table 3 shows 
the reductions of Hypera meles and 
spittle insects obtained as shown by 
diagonal sweepings of the plots, or head 
examinations. It was soon discovered that 
sweeping gives an inaccurate estimate of 
the numbers of Hypera meles present 
because only the adults are caught. In 
another block of plots head examinations 
instead of sweepings were used to deter- 
mine the control of larval stages of this 
insect and much more significant reduc- 
tions were shown (Table 4). Control of 
the clover root borer was significant but 
not adequate when four applications of 
either 1 per cent DDT or 1 per cent 
hexachlorocyclohexane were used. Eight- 
een per cent of the plants examined from 
the 1 per cent hexachlorohexane plot 
were infested, 30 per cent from the 1 per 
cent DDT and 45 per cent from the 
check. 

Hay from the three DDT treated plots 


1 In the official list of common names, Tychius griseus is listed 
as the clover head weevil. It probably should be called the clover 
seed weevil since it infests only the ovules. Hypera meles, which 
is not mentioned in the list, infests the entire head, living among 
the florets. It probably should be called the clover head weevil. 


Table 3.—Control of Hypera meles and Philaenus leucophalmus with DDT and hexachloro- 


cyclohexane—Skaneateles, N. Y.—1946. 























HExACHLOROCYCLO- 
DDT HEXANE 
SPECIES 1% 2% 8% | 1% 2% 3% | CuEck 
Hypera meles—adults from sweeping 19 52 101 48 64 96 121 
Hypera meles larvae found in 510 heads 117 222 229 98 180 224 414 
Philaenus leucophthalmus adults from sweeping | 398 508 634 62 84 102 1819 
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Table 4.—Control of Hypera meles with DDT 
and hexachlorocyclohexane as shown by ex- 
amination of 200 heads—Minetto, N. Y.—1946. 


Table 5.—DDT content of milk from a cow fed 
for 2 months on clover hay containing an average 
of 10.77 ppm of DDT. 








Heaps InFrestep 
with LaRvaE 





June June June To- 





TREATMENT 7 14 22 «TALS 

hexachlorocyclohexane spray—1% 

3 applications 8 1 0 19 
hexachlorocyclohexane 5% dust 

4 applications 26 4 0 30 
DDT 5 o dust 

4 applications 12 8 2 22 
Check 140 141 #120 = 401 





was mixed and fed to a dairy cow daily 
during the period from August 8 to 
October 8. No symptoms of DDT poison- 
ing were observed in the cow. According 
to the hay analyses the maximum daily 
dose the animal could have obtained was 
121 milligrams. Orr & Mott have shown 
that about 500 times this dose must be 
fed daily for about 2 weeks to produce 
even minor symptoms. The first milk 
analysis was made on September 3, which 
was 26 days after feeding began, and 4 
days after the cow freshened. At this 
time, 0.22 ppm of DDT was found. Seven 
subsequent analyses made at 3 to 7 day 
intervals from September 7 to October 2 
showed a fairly continuous increase in the 


Feeding began—August 8 
Feeding ended—October 8 
Cow Freshened—August $1 
Sept. 3—.22 p.p.m. Sept. 21—.58 p.p.m. 
7—.40 25— .92 
14— .87 28— .83 
18— .82 Oct. 2—.62 





DDT content of the milk, the maximum 
of 0.92 ppm occurring on September 25. 
Additional analysis are in progress. While 
0.92 ppm is a relatively small DDT con- 
tent, it should be remembered that butter 
made from this milk might contain nearly 
30 times this figure, or about 26 ppm of 
DDT. No DDT was found in a blood 
sample taken on August 8, or in urine 
samples taken on August 12 and August 
22. Fecal analyses made on August 12 and 
August 30 were negative, but one made on 
September 20 showed the presence of 
0.04 ppm of DDT. 

Hay from the plots treated with hexa- 
chlorocyclohexane was fed to a second 
cow without observable effect on her 
health. No odor was detected in the 
milk from this animal.—1-21-47. 


LITERATURE CITED 
Orr, L. W. and L. O. Mott. 1945. The effects of DDT administered orally to cows, horses, and sheep. Jour. 


Econ. Ent. 38: 428-32. 





New Insecticides for Boll Weevil, Bollworm 
and Aphid Control'* 


J. C. Garnes and H. A. Dean,* Texas A & M College, College Station 


Investigations have been continued in 
an effort to find an effective insecticide for 
the control of the bollworm, Helzothis 
armigera (Hbn.), boll weevil, Anthonomis 
grandis Boh. and cotton aphid, Aphis 
gossypii Glov. Calcium arsenate has 
proven to be economical against the 
weevil but in some years aphid increases 
occur after a large number of applications 


1 Technical contribution No. 997 Texas Agricultural ben 78 
ment Station in cooperaticn with the Bureau of Entomclogy 
and Plant Quarantine, United States Departnent of Agri- 
a. ® 2 . 

2 Cotton States Branch program paper. 

2 R. Wipprecht, W. J. Magee, F. A. Gibson, R. L. Hauk, 
G. L. Atmar and D. R. Tumlinson assisted in taking the field 
notes. 


and may cause considerable injury. This 
insecticide, applied in heavy doses, has 
also proven to be profitable when used 
against the bollworm, but it is not as 
toxic as an insecticide should be to give 
full protection to the crop under the 
conditions of a severe infestation. Planters 
have experienced some difficulty in ap- 
plying heavy doses of calcium arsenate at 
the correct time to prevent a loss. The 
high rates per application tend to produce 
aphid increases, which in turn may reduce 
the benefits derived from controlling the 
worms. 

Work has been conducted here over a 
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period of years, using the promising insec- 
ticides. Reports of the results of these 
tests have been published in the JouRNAL 
or Economic Entomowoey. Cryolite has 
proven effective against the bollworm, but 
yields have been reduced when weevils 
occurred in injurious numbers. Appar- 
ently the toxicity of cryolite was reduced 
when alternate applications of cryolite 
and calcium arsenate were used. Lead 
arsenate is more effective against weevils 
than cryolite, more effective against boll- 
worms than calcium arsenate, and has 
given good results alone, or when used 
alternately with calcium arsenate for 
weevil and bollworm control; but aphid 
increases may occur which reduce the 
yield. 

The tests herein reported, conducted in 
the Brazos River bottoms near College 
Station, Texas, during 1946, were de- 
signed to compare the newer insecticides, 
benzene hexachloride and DDT, with 
calcium arsenate for the control of wee- 
vils, bollworms and aphids. Cage tests 
(Ivy & Ewing 1946) indicated that DDT 
was more toxic than either calcium ar- 
senate or benzene hexachloride when used 
against the bollworm, but that benzene 
hexachloride in certain concentrations 
was perhaps more toxic than either of the 
other materials against the weevil. It 
was deemed advisable to test the two 
insecticides alone and in combination for 
complete control of cotton pests. 

Fietp Piats AND TREATMENTS.'—In 
experiment No. 1, the plats were arranged 
in randomized blocks and each treatment 
was replicated six times in early planted 
D and PL variety of cotton. The dusting 
area of each plat was 0.1 acre (12 rows 
wide) and the picking area after the 
buffers were eliminated was 0.043 acre 
(6 rows wide) in size. The following in- 
secticides were used: commercial calcium 
arsenate; DDT-pyrophyllite - mixture, 
containing 5 per cent DDT; benzene 
hexachloride-fullers earth mixture con- 
taining 5.75 per cent gamma isomer; and 
DDT-benzene hexachloride-pyrophyllite 
mixture containing 5 per cent DDT and 
2.88 per cent gamma isomer. Seven effec- 
tive applications of all insecticides were 


! The benzene hexachloride mixtures (basic materialcontained 
11.5 per cent gamma isomer) used on experiments Nos. 1, 2and 3 


were furnished by Niagara Sprayer and Chemica] Division. The 
benzene hexac chloride mixture (basic material contained 30 per 
cent gamma isomer) used on experiment No. 4 was furnished by 
Pennsylvania Salt Manufacturing Co. 
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made at approximately 5-day intervals. 
Three of the applications were made 
early in the season, before the bollworm 
moths transferred to cotton, at an average 
rate of 6 pounds per acre; the later appli- 
cations, made after the bollworm began to 
cause injury, were applied at an average 
rate of 11 pounds per acre. 

In experiment No. 2 the plats were also 
arranged in randomized blocks and each 
treatment was replicated four times in 
early planted Stoneville (2-B) variety of 
cotton. The dusting area of each plat was 
0.083 acre (12 rows wide) and the picking 
area after the buffers were eliminated was 
0.04 acre (6 rows wide) in size. The insec- 
ticides used in this experiment were the 
same as those used in experiment No. 1 
except that the diluent used with DDT 
was sulphur instead of pyrophyllite. Six 
effective applications of all insecticides 
were made at 5-day intervals at an 
average rate of 12 pounds per acre after 
the bollworm moths transferred to the 
cotton. 

In experiment No. 3 the plats were also 
arranged in randomized blocks and each 
treatment was replicated four times in 
early planted D and PL variety of cotton. 
The dusting area of each plat was 0.083 
acre (12 rows wide) and the picking area 
after the buffers were eliminated was 
0.033 acre (6 rows wide) in size. The 
insecticides used in this experiment were 
as follows: commercial calcium arsenate, 
commercial calcium arsenate plus 1 per 
cent nicotine, and benzene hexachloride- 
pyrophyllite mixtures containing 4.31, 
2.88 and 1.44 per cent gamma isomer. 
Eight effective applications of all in- 
secticides were made at approximately 
5-day intervals. Three applications were 
made from June 19 to July 1 at an average 
rate of 7 pounds per acre before boll- 
worm ssditths transferred to cotton. The 
other applications were made from July 
12 to August 6 at an average rate of from 
11 to 12 pounds per acre. 

In experiment No. 4, the four varieties 
of cotton: Lankart, Rogers Acala, Shafter 
Acala and Stoneville (4-A) were planted 
in 0.2-acre plats (24 rows wide), arranged 
in a 4X4 latin square. Each whole plat 
was divided into two sub-plats (12 rows 
wide), 0.10 acre in size. One sub-plat in 
each whole plat was secleted at random 
to be dusted with benzene hexachloride 
mixture and the other with calcium ar- 











June 1947 


senate. The experiment gave 16 adjacent 
comparisons of the materials, four on 
each of four varieties. The benzene hexa- 
chloride-inert mixture used on the first 
three applications, from June 14 to 28, 
contained 7.5 per cent gamma isomer. 
Due to foliage burn, this material was 
diluted to a 3.75 per cent gamma isomer 
mixture for use on the six later applica- 
tions. This mixture was applied at the 
average rate of 12 pounds per acre, as 
compared to calcium arsenate applied at 
the rate of 9 pounds per acre. 
Recorps.—The infestation — records 
were made at approximately 5-day inter- 
vals in the usual manner. One hundred 
squares were examined on consecutive 
plants in each plat and the percentage 
punctured by weevils was recorded. One 
hundred bolls were examined on con- 
secutive plants in each plat and the per- 
centage injured by bollworms was re- 
corded. Aphid counts were made by re- 
cording the number of aphids on a square 
inch of leaf surface in the center of the 
fourth leaf from the top, on 100 consecu- 
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tive plants in each plat. Bollworm eggs 
were recorded at 5-day intervals on the 
terminals of 100 consecutive plants in 
each plat. 

Resuutts.—The first bollworm eggs 
were noted during the first week in July. 
Records indicated that the numbers were 
increasing slowly; an average of 29 per 
100 terminals was found in experiment 
No. 2 by July 12. In all the experiments 
the peak occurred about July 25. No 
large numbers of eggs were found at any 
time, but oviposition was continuous from 
July 12 to July 30. The worms hatching 
from these eggs caused boll injury from 
July 20 to August 10. The numbers of 
eggs found on the plats receiving different 
treatments did not vary greatly, while the 
number found on the different varieties 
did vary considerably. The highest num- 
ber of eggs was found on the variety in 
which the highest percentage of injured 
bolls was found, but in other varieties the 
number of eggs found was not indicative 
of the injury. 

The seasonal averages of the different 


Table 1.—Average insect infestation and yields of seed cotton following treatments as indicated at 


College Station, Texas, 1946. 








AVERAGE Bou 
WEEVIL INFEs- 
TATION! 


AVERAGE Bo .t- 
worM InsgurY? 





Per Cent 





—— NuMBER Pounps SEED CoTTon 


Per APHIDS. ———-——— — 
Cent of — Equiv- PER Gain 
Bolls alent SQUARE Per Per Over 

Injured Angles Incu® Plat Check 


Acre 





Experiment No. 1 


of Sqs. Equiv- 

Punc- alent 

TREATMENT tured Angles 

Check 49.5 44.72 

Calcium Arsenate 24.4 29.56 

5% DDT-Pyrophyllite 45.7 42.48 
Benzene Hexachloride-Inert 

(5.75% vy isomer) 25.4 30.23 


Benzene Hexachloride-DDT- 

Inert (5% DDT and 2.88% 

y isomer) 31.4 34.07 
Minimun. significant difference 


at 5% level 3.09 


8.3 16.69 3.25 43.37 998 

5.8 13.67 8.61 71.48 1644 646 
3.1 9.80 8.86 51.35 1181 183 
15.5 22.99 18 64.27 1478 480 
2.4 8.72 70 74.32 1709 711 


3.38 5.9 11.1 


Experiment No. 2 


Check 47.9 43.78 
Calcium Arsenate 24.5 29.53 
5% DDT-Sulphur 52.4 46.37 
Benzene Hexachloride-Inert 

(5.75% vy isomer) 25.2 30.06 
Benzene Hexachloride-DDT- 

Inert (65% DDT and 2.88% 

isomer) 34.0 35.57 
Minimum significant differ- 

ence at 5% level 5.67 


13.0 20.81 1.22 58.35 1459 

5.0 12.60 5.91 84.18 2104 645 

3.8 11.12 2.22 82.18 2054 595 

27.8 31.70 ll 56.30 1408 —5]l 

3.4 10.51 a? yi 81.82 2046 587 
5.84 3.2 15.8 





! Average of 9 records made June 19 to July 30, on experiment 1; average of 4 records made July 18 to Aug. 3, on experiment 2. 
2 Average of 5 records made July 22 to Aug. 10, on experiment 1; average of 5 records made July 24 to Aug. 13, on experiment 2. 
3 Average of 1 record made Aug. 5, on experiment 1; average of 1 record made Aug. 13, on experiment 2. 
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Table 2.—Average insect infestation ard yields of seed cotton following treatments as indicated in 


Experiment 3 at College Station, Texas, 1946. 








AVERAGE Boi 
WEEvIit INFEs- 


AVERAGE BoL.L- 





























TATION! worm INnJuRY? 
NumBer Pounps SEED Corton 
Per Cent Per APHIDS 
of Sqs. Equiv- Centof Equiv- PER Gain 
Punc- alent Bolls alent Square Per’ Per Over 
TREATMENT tured Angles Injured Angles Incu® Plat Acre Check 
Check 47.2 43.42 10.6 18.60 1.30 35.0 1050 
Calcium arsenate 26.7 31.06 9.2 17.49 4.00 51.5 1545 495 
Calcium arsenate plus 1% 
Nicotine 29.4 $2.82 9.4 17.76 1.44 53.2 1596 546 
Benzene hexachloride-Inert 
Mixtures: — 
4.31% y isomer 30.2 33 .86 24.5 29.36 .84 40.8 1224 174 
2.887% vy isomer 33.4 $5.31 20.4 26.76 1.08 38.7 1161 lll 
1.44% vy isomer 41.4 40.03 16.8 23.94 -70 $7.1 1113 63 
Minimum significant differ- 
ence at 5% level 3.47 4.86 .70 4.8 
1 Average of 8 records made June 22 to July 26. 
2 Average of 5 records made July 22 to Aug. 18. 
3 Average of 1 record made Aug. 7. 
criteria for all experiments are shown in «oS ""5 ; + 
tabular form, and the seasonal infestation ee | 
data on Experiment No. 4 are shown in a tA é 
figure 1. a AN. 
In experiment No. 1, the DDT mixture .,| \ | ‘ | all NS 
had little or no effect on the weevil; the | S| , 
average infestation was about the same ae “I | 
30 eres ame + Ife + + 
as that found on the checks. Benzene a sik 
hexachloride mixture containing 5.75 per Ni | if 
cent gamma isomer and calcium arsenate “[~ 7 \)> | )/7fe || 
were equally effective against the weevil s | 7] ol 
and both were significantly better than “(7/7 r 
the benzene hexachloride-DDT mixture Pou SS er ee 
t) | | i 1 r | i 


containing only 2.88 per cent gamma iso- 
mer and 5 per cent DDT. The 5 per cent 
DDT mixture and the benzene hexachlo- 
ride-DDT mixture gave significantly bet- 
ter bollworm control than the other 
materials. Aphids increased equally on the 
DDT and calcium arsenate treated plats. 
Few aphids were found on any of the plats 
receiving benzene hexachloride. Using 
yields as the criterion, calcium arsenate, 
benzene hexachloride-DDT mixture and 
benzene hexachloride alone were equally 
effective. In this experiment the weevil 
was injurious and losses occurred on the 
DDT treated plats due to the poor con- 
trol of this pest. A reduction in yield 
occurred on the benzene hexachloride 
treated plats due to bollworm injury, but 
the infestation was not severe enough to 
make this difference significant. It will 
be noted that about one-fourth of the 
gain in yield over the check in this experi- 


Fic. 1.—The average percentage punctured squares 
and injured bolls (16 adjacent comparisons on each 
date) on four varieties of cotton receiving treatments 
as indicated on the following dates: 6/14, 19, 28, 
7/10, 15, 20, 24, 27 and 8/3. Calcium arsenate was 
applied at the rate of 9 pounds compared to about 
one-half pound gamma isomer per acre from July 
10 to August 8. 


ment was due to bollworm control and 
three-fourths resulted from weevil control. 

The benzene hexachloride mixtures 
caused skin and nasal irritations to the 
personnel handling the dusts. These dust 
mixtures also caused foliage burn at cer- 
tain times early in the season when the 
plants were succulent and growthy. This 
burn was not severe enough to cause 
losses in production. 

Populations of red spiders were ob- 
served on plats treated with benzene 














June 1947 
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Table 3.—Average insect infestation and yields of seed cotton following treatments on the four va- 
rieties of cotton as indicated at College Station, Texas, 1946. 


























LANKERT Rogers AcALA SHAFTER ACALA STONEVILLE (4-A) 
Benzene , Benzene Benzene ' Benzene : 
Hexa- Calcium Hexa- Calcium Hexa- Calcium Hexa- Calcium 
chloride Arsenate chloride Arsenate chloride Arsenate chloride Arsenate 
Average boll weevil in- 
festations:! 
Per cent of squares 
punctured 23.47 26.80 18.30 19,02 20.41 22.08 20.61 23.25 
Equivalent angles 28.96 31.17 25.14 25.77 23.94 27.95 26.98 28.82 
Difference 2.21 .63 4.01 1.84 
Average boll injury:? 
Per cent of bolls in- 
jured 13.68 7.73 7.75 4.37 7.7 6.75 22.25 10.75 
Equivalent angles 21.60 16.02 16.12 11.93 15.46 15.00 28.13 18.71 
Difference —5.5 —4.1 — .46 —9.42 
Average Number aphids 
per square inch* 52 4.50 07 2.03 14 4.29 ll 5.89 
Difference 3.98 1.97 4.15 5.78 
Pounds seed cotton: 
Per Plat 69.37 68.92 64.02 72.28 49.27 69 .$2 59.49 74.62 
Per Acre 1387 1378 1280 1446 985 1186 1190 1492 
Gain Calcium Arsenate | 
Over Benzene Hexachloride -—9 166 401 302 





1 Average of 9 records made June 18 to July 25. 
2 Average of 4 records made July 20 to Aug. 5. 
3 Average of 1 record made Aug. 5. 


hexachloride and DDT, but not in num- 
bers su ficient to cause injury. 

In experiment No. 2, the effects of the 
treatments against weevil and aphids 
were similar to those obtained in experi- 
ment No. 1, but they reacted somewhat 
differently against the bollworm. High 
percentages of bollworm injury occurred 
on the benzene hexachloride treated plats, 
reducing the yield to below that of the 
checks. The increased bollworm injury 
was possibly due to the effectiveness of 
the benzene hexachloride against the nat- 
ural enemies of the bollworm. The 5 per 
cent DDT mixture did not reduce the 
weevil infestation, but was effective 
against the bollworm. Aphids developed 
on the DDT treated plats but not as fast 
where sulphur was used as the diluent. 
Calcium arsenate, DDT and the benzene 
hexachloride-DDT mixture were equally 
effective against the bollworm and gave 
yields which did not differ significantly. 
In this experiment bollworm control 
accounted for practically all the gains 

Populations of red spiders were noted 
on the benzene hexachloride treated plats, 
but this pest was not observed on the 
DDT treated plats where sulphur was 
used as the diluent. 

In experiment No. 3, the benzene hexa- 
chloride mixtures containing 4.31 and 
2.88 per cent gamma isomers and calcium 
arsenate were equally effective against the 


weevil. The calcium arsenate containing 
1 per cent nicotine prevented aphid in- 
creases, but did not significantly increase 
the yield. According to this test, the 
gamma isomer content of benzene hexa- 
chloride mixture should be at least 2.88 
per cent adequately to control severe 
boll weevil infestations. 

The increased bollworm injury which 
occurred on all plats treated with benzene 
hexachloride mixtures reduced the yield 
significantly. 

In experiment No. 4, the benzene 
hexachloride mixture containing 3.75 per 
cent gamma isomer applied at the rate of 
12 pounds per acre gave significantly 
better weevil control than calcium arse- 
nate applied at the rate of 9 pounds per 
acre. The bollworm injury was greater 
on the benzene hexachloride treated plats, 
reducing the yield in certain varieties 
(Fig. 1). From the analyses of these data, 
shown in table 4, it will be noted that the 
treatment-variety interaction was sig- 
nificant for the bollworm injury and 
yield data. This indicates that the treat- 
ments did not react against the boll- 
worm the same in all varieties and that 
this different reaction affected the yields. 
These results also indicate that the per- 
centage of injured bolls doesn’t in all 
cases reflect the yield. For instance, in 
the case of Shafter Acala variety, where 
the average bollworm injury was practi- 
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Table 4.—Analyses of data shown in Table 3. 








MEAN SQuarRE PERTAINING TO: 











Average Average 
DEGREES Punctured Bollworm Aphids Yield, 
OF Squares Injury per Sq. Seed 
Source or VARIATION FREEDOM (Angles) (Angles) Inch Cotton 
Whole plats: 

Rows 3 12.55 23 .27 6.76 176.00 

Columns 3 24.20 25.92 34.42 257 .68 

Varieties 3 28 .80* 142.557 5.45 161.43 

Error (A) 6 4.97 3.90 6.54 127.21 

Sub-plats: 

Treatment 1 17.64* 192.91 126 .21f 923 .43 
Treat. vs. Varieties 3 96 27 .42* 4.91 158 .21* 

Error (B) 12 3.58 6.42 12.64 41.52 

Total 31 9.36 30.65 15.22 143.38 





* Significant. 
t Highly significant. 


cally the same on the plats treated with 
the two insecticides, the average yield 
was much higher on the calcium arsenate 
treated plats, while in the Lankart variety 
the bollworm injury was considerably 
higher in the benzene hexachloride treated 
plats, but the yields on the two series of 
plats receiving calcium arsenate and ben- 
zene hexachloride were about the same. 

SumMARy.—Benzene hexachloride mix- 
tures applied at the rate of 11 to 12 
pounds per acre, containing as low as 
2.88 per cent gamma isomer, proved to 
be as effective against the weevil as 
calcium arsenate in one experiment, while 
in other experiments this percentage 
gamma isomer was less effective. The 
mixtures applied at from 11 to 12 pounds 
per acre, containing at least 5 per cent 
gamma isomer were equal to or, in one 
experiment, significantly more effective 
against weevils than calcium arsenate. 
Apparently a minimum dosage of 8 
ounces of gamma isomer per acre was 
necessary to give adequate control of 
severe weevil infestations. Benzene hexa- 


chloride, in all concentrations used, pre- 
vented aphid increases, but produced 
increased bollworm injury. Five per cent 
DDT dust mixtures were effective against 
the bollworm, but ineffective against 
weevils and caused aphid increases. Popu- 
lations of red spiders were noted on both 
DDT and benzene hexachloride treated 
plats when sulphur was not used as a 
diluent. The mixture of DDT and ben- 
zene hexachloride was effective against 
weevils, bollworms and aphids, but did 
not significantly increase the yields over 
calcium arsenate. 

Benzene hexachloride caused discom- 
fort to personnel handling the material 
and also produced some foliage burn. 

There was a difference in the infesta- 
tions of weevils and bollworms found in 
the different varieties. Calcium arsenate 
and benzene hexachloride did not react 
the same in the different varieties against 
the bollworm. This difference in reaction 
of the insecticides affected the yields.— 
1-21-47. 
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New Insecticides to Control Boll Weevil and Cotton Aphid! 


C. F. Rarywater and Fioyp F. Bonpy, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


The boll weevil, Anthonomus grandis 
Boh., and the cotton aphid, Aphis gos- 
sypii, Glov., are the two most important 
insect pests of cotton in the United States. 
Calcium arsenate and nicotine for the 
dual control of the boll weevil and the 
cotton aphid have been standard recom- 
mendations for many years. While these 
insecticides have been of great value and 
have in many cases made the profitable 
production of cotton possible, they are 
not entirely satisfactory. Therefore, a 
continuous search has been made in an 
effort to find an insecticide or a more 
satisfactory combination of insecticides. 

Ivy & Ewing (1946) reported encourag- 
ing results in 1945 from the use of benzene 
hexachloride against several cotton in- 
sects. On the basis of these results, the 
experiments at Florence, South Carolina, 
during 1946 were centered largely around 
benzene hexachloride at several strengths, 
the standard calcium arsenate treatment, 
and various combinations of benzene 
hexachloride with both calcium arsenate 
and basic copper arsenate. Other treat- 
ments included in the 1946 experiments 
were 50 per cent DDT dust, a mixture 
containing 5 per cent of DDT and 1.43 
per cent of gamma-benzene hexachloride, 
and 50 per cent Ryania powder. 

Five randomized-block experiments 
were conducted on plots ranging from 
0.2 to 0.1 acre in area, depending on the 
size and uniformity of the field selected. 
Two of the experiments included five 
insecticidal treatments and check repli- 
cated four times, and the remaining ex- 
periments included six treatments with 
check areas replicated five times. 

All dust applications were made with 
rotary hand dusting machines in the 
early morning, usually in the presence of 
heavy dew. Boll weevil infestation rec- 
ords were made twice weekly and aphid 
population counts weekly after dusting 
was begun. Yield records were made in 
all experiments. Table 1 is a summary of 
the essential records in these experiments. 

Experiment 1 was designed to compare 
benzene hexachloride at different strengths 


1 Cotton States Branch Program paper. 


of the gamma isomer with calcium arse- 
nate alone and with calcium arsenate con- 
taining 1 per cent of nicotine. Against the 
boll weevil both the 5.75 and the 2.87 per 
cent strengths of gamma-benzene hexa- 
chloride were as effective as calcium 
arsenate, but the 1.43 per cent strength 
was somewhat less effective. Almost per- 
fect aphid control was obtained with the 
two highest strengths, and much better 
control with the 1.43 per cent gamma- 
benzene hexachloride than with calcium 
arsenate plus nicotine. The 5.75 per cent 
treatment effected higher yields than did 
any other treatment in this experiment. 
However, the full effect of the two lower 
strengths is not shown because one plot 
in each treatment was washed-out. 
Experiment 2 was designed to compare 
calcium arsenate plus benzene hexachlo- 
ride at different strengths of the gamma 
isomer with calcium arsenate plus nicotine 
and with calcium arsenate alone. Briefly, 
boll weevil control was not affected by the 
addition of benzene hexachloride or nico- 
tine to calcium arsenate. All treatments 
were approximately equal in this respect, 
and all were much superior to the check. 
The benzene hexachloride apparently 
broke down when mixed with calcium 
arsenate and gave no aphid control. Such 
mixtures are definitely incompatible. 
Aphid control was much better in the 
calcium arsenate-nicotine plots than in 
the others, but was not sufficient to 
prevent serious damage to the cotton. 
Because of the aphid build-up which re- 
duced yields considerably in all the 
treated plots, yield records are not of 
much value in this experiment. 
Experiment 3 was designed to compare 
three different benzene hexachlorides, 
each containing 2.87 per cent of the 
gamma isomer but manufactured by 
different processes, with calcium arsenate, 
basic copper arsenate, and DDT plus 
benzene hexachloride. There was very 
little difference in degree of boll weevil 
infestation following the various treat- 
ments. The benzene hexachloride No. 2 
had the lowest average, but caused con- 
siderable burning of the foliage. Aphid 
control with the different benzene hexa- 
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Table 1.—Results of five randomized-block experiments testing various insecticides against the 
boll weevil and cotton aphid, Florence, S. C. 1946. 








AVERAGE AVERAGE INCREASE 
Pounps PerCent Maxt- Pounps SEED 
PER oF Bot MUM OF SEED CorTon 
ACRE- Weevin Apuips CorTTron'§ PER ACRE 
Appuica- INFESTA- PER PER OVER 
TREATMENTS TION TION Lear ACRE CHECK 





Experiment 1—8 applications beginning at 20% boll weevil infestation, 8 boll weevil infestation 
records, 8 aphid counts 


Calcium arsenate 8.0 42.6 119.6 1513 456 
Calcium arsenate plus nicotine 1% 7.2 42.4 15.3 1556 499 
Gamma-benzene hexachloride 5.75% 6.4 42.2 0.9 1670 613 
2.87% 10.1 39.6 0.8 1214 157 
1.48% 9.2 46.8 2.6 1155 98 
Check _ 60.4 8.1 1057 





Experiment 2—8 applications beginning at 10% boll weevil infestation, 10 boll weevil infestation 
records, 8 aphid counts 
Calcium arsenate 8.4 22.9 180.5 1564 292 


Calcium arsenate plus— 


Nicotine 1% T.9 23.9 69.5 1301 29 
Gamma-benzene hexachloride 1.48% 9.6 22.2 123.5 1291 19 
0.72% 10.2 23.0 132.0 1440 168 
0.36% 8.4 24.5 124.8 1466 194 

Check _ 51.8 49.9 1272 





Experiment 3—7 applications beginning at 30% boll weevil infestation, 8 boll weevil infestation 
records, 7 aphid counts 


Calcium arsenate 9.1 30.2 90.8 1213 332 
Basic copper arsenate 9.7 36.7 92.6 1166 285 
Gamma-benzene hexachloride 2.87% No. 1 10.2 35.7 0.7 1271 390 
No. 2 17.4 26.7 1.0 1130 249 
No. 3 11.0 33.3 0.8 1103 222 
DDT 5% plus gamma benzene hexachloride 1.48% 12.6 29.6 1.7 1334 453 
Check (outside) — 65.0 -< 881 





Experiment 4—8 applications beginning at 20% boll weevil infestation, 8 boll weevil infestation 
records, 6 aphid counts 


Calcium arsenate 9.1 $2.1 124.6 1681 415 

Calcium arsenate plus nicotine 1% 9.0 28.1 23.5 1821 555 

Basic copper arsenate 9.4 34.8 140.0 1657 391 
Basic copper arsenate plus— 

Rotenone 0.5% 7.9 28.5 50.1 1714 448 

Gamma-benzene hexachloride 1.438% 9.0 30.5 22.6 1523 257 

0.72% ee 31.3 60.4 1602 336 

— 62.2 — 1266 


Check (outside) 


Experiment 5—9 applications beginning at 10% boll weevil infestation, 9 boll weevil infestation 
records, 5 aphid counts 





Calcium arsenate 11.4 $3.2 117.8 1576 208 

Basic copper arsenate 9.6 34.2 119.5 1858 490 

Gamma-benzene hexachloride 1.0% 11.9 34.6 4.8 20385 667 

5.75% 10.6 31.9 0.7 1852 484 

Ryania powder 50% 6.3 46.6 57.3 1626 258 

DDT 50% 6.9 38.6 70.6 2306 938 
— 63.2 — 1368 


Check (outside) 





chlorides, alone and with DDT, was _ against the boll weevil, and probably the 
nearly perfect, but both calcium arsenate bollworm and other cotton insects, than 
and basic copper arsenate allowed heavy any of the others. More bolls developed 
populations of aphids to develop. The in the tops of the plants receiving this 
most outstanding treatment in this ex- treatment. The benzene hexachloride No. 
periment, from the standpoint of yields, 1 gave slightly greater yields than cal- 





was DDT plus benzene hexachloride. It cium arsenate. All treatments resulted in 
apparently had greater residual effect significant increases in yield. 
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Experiment 4 was designed to compare 
calcium arsenate, calcium arsenate plus 
nicotine, basic copper arsenate, basic 
copper arsenate plus rotenone, aad differ- 
ent strengths of the gamma isomer of 
benzene hexachloride. Each treatment 
proved to be highly effective against the 
boll weevil, with no important differences 
between treatments. Satisfactory aphid 
control was not secured with any of the 
treatments, although calcium arsenate 
with nicotine and basic copper arsenate 
with 1.43 per cent of gamma benzene 
hexachloride gave much better control 
than the others. The other combinations 
gave better control than either of the 
arsenicals alone. All treatments gave 
yields greatly superior to the check, the 
calcium arsenate with nicotine being the 
best and basic copper arsenate with 
rotenone next. Combinations of basic 
copper arsenate and benzene hexachloride 
do not appear to be practical for simul- 
taneous control of boll weevil and cotton 
aphid, although such materials are not 
wholly incompatible, as are calcium 
arsenate and benzene hexachloride. 

Experiment 5 was designed to compare 
calcium arsenate, basic copper arsenate, 
benzene hexachloride at different strengths 
of the gamma isomer, Ryania powder, and 
DDT. Both arsenicals and all strengths 
of benzene hexachloride were approxi- 
mately equally effective against the boll 
weevil, and all gave very good control. 
DDT was only slightly less effective 
against the boll weevil than were these 
four treatments, and was much more 
effective than Ryania powder, which was 
itself more effective than the check. The 
5.75 per cent gamma-benzene hexachlo- 
ride gave almost perfect aphid control. 
The 1.0 per cent strength was nearly as 
good, and was 11 times as effective as 
Ryania powder, which gave twice as good 
control as did either of the arsenicals, and 
slightly better than DDT. 

The yield records in this experiment 
were the most significant. Calcium arse- 
nate brought about the least increase in 
yield, owing almost entirely to the aphid 
build-up which caused most of the leaves 
and many of the young bolls to shed. 
Basic copper arsenate gave rise to a little 
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higher aphid population than did calcium 
arsenate, but did not cause the leaf or 
boll shed that calcium arsenate did. 
However, this is not always true. It is 
probable that under certain conditions the 
cotton plant absorbs the copper in the 
basic copper arsenate and utilizes it as a 
nutrient. Higher yields resulted from the 
use of the 1.0 per cent gamma-benzene 
hexachloride than from the 5.75 per cent. 
The two materials were from different 
sources. Ryania powder resulted in some- 
what higher yields than calcium arsenate, 
owing to better aphid control. From the 
standpoint of yields DDT was the most 
promising insecticide tested. Apparently 
this was due to its residual toxicity to the 
bollworm and other insects. The cotton 
plants in plots that received DDT were 
the only ones which had open bolls to 
their very tops. 

Summary.—Field experiments were 
conducted at Florence, South Carolina, 
to compare the effect of several insecti- 
cides and combinations of insecticides, 
including benzene hexachloride and DDT, 
against the boll weevil and the cotton 
aphid. Benzene hexachloride gave almost 
perfect aphid control at strengths from 
1.00 to 5.75 per cent of the gamma isomer 
when mixed with an inert diluent or with 
DDT. Benzene hexachloride and calcium 
arsenate were incompatible, the benzene 
hexachloride apparently breaking down 
completely. Benzene hexachloride and 
basic copper arsenate appeared to be 
partially incompatible, the aphid control 
being somewhat less when they are used 
together than when similar strengths of 
benzene hexachloride were mixed with an 
inert diluent. For boll weevil control, 
benzene hexachloride at strengths of 1.0 
to 5.75 per cent of the gamma isomer 
compared favorably with calcium arse- 
nate. Mixtures of DDT and benzene hexa- 
chloride were more promising than ben- 
zene hexachloride alone. Ryania powder 
(50 per cent) did not compare favorably 
with calcium arsenate, benzene hexachlo- 
ride, or DDT. DDT seemed to be very 
promising for the control of many of our 
cotton insects. From the standpoint of 
increased yields, 50 per cent DDT was 
the best material tested. 
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Cotton-Insect Control with Benzene Hexachloride, alone 
or in Mixture with DDT 


K. P. Ewrna, C. R. Parencta, Jr., and E. E. Ivy, U.S.D.A., Agr. 
Res. Adm., Bureau of Entomology and Plant Quarantine!” 


Experiments at the Waco, Texas, 
laboratory of the Bureau of Entomology 
and Plant Quarantine in 1945 showed that 
benzene hexachloride was the most prom- 
ising all-round insecticide thus far tested 
for control of cotton insects, with the im- 
portant exception that it did not control 
the bollworm (Ivy & Ewing 1946). In 
1946 many experiments were conducted 
at Waco with benzene hexachloride, alone 
or in mixture, and other insecticides 
against the boll weevil, Anthonomous 
grandis Boh., the cotton aphid, Aphis 
gossyptt Glov., the cotton leafworm, 
Alabama argillacea (Hbn.), the bollworm, 
Heliothis armigera (Hbn.), and insects of 
less importance. 

Materiats Usep.—Most of the ben- 
zene hexachloride was obtained from the 
manufacturer as a 50 per cent mixture 
with gypsum, the mixture reported by the 
manufacturer to contain 5.75 per cent of 
the gamma isomer. When this concentra- 
tion was used, 3 per cent of Celite was 
added to improve the dusting qualities of 
the mixture. The following isomers were 
also reported by the manufacturer to be 
present: Alpha 35, beta 3.5, and delta 4 
per cent. When the concentration was less 
than 5.75 per cent, pyrophyllite or sulfur 
was used as a diluent. Mixtures of ben- 
zene hexachloride with calcium arsenate 
and with DDT were used in some experi- 
ments. Some benzene hexachloride was 
also obtained from various manufacturers 
in 50 per cent mixtures with tale, clays, 
or unknown diluents. These mixtures were 
reported to contain 5 per cent of the 
gamma isomer, with the exception of 
small amounts of some special mixtures 
which were used in the laboratory and 
cage tests. 

The standard commercial calcium arse- 
nate was used except in certain experi- 
ments in which so-called “neutral” cal- 
cium arsenate’ was used in mixtures with 
benzene hexachloride. 

_1 In cooperation with the Texas Agricultural Experiment Sta- 
a Paid Paper.” 

3 Analysis of this ‘“‘neutral’’ calcium arsenate by the Division 

of Insecticide Investigations of the Bureau of Entomology and 


Plant Quarantine showed that it actually contained 1 per cent 
cf free lime. 


The nicotine in the calcium arsenate- 
nicotine mixtures was a commercial dust 
containing 14 per cent of soluble nico- 
tine. Nicotine sulfate was used in the 
nicotine-lime mixtures. Unless otherwise 
stated DDT dusts contained pyrophyllite. 
The cryolite-sulfur dust contained 61 per 
cent of sodium fluoaluminate. 

Botu Weeviu.—Destructiveness and mi- 
grations of overwintered boll weevils. Through- 
out most of central Texas only about 25 
per cent of the total cotton acreage for 
1946 was planted during April and early 
May, the normal seeding period. Natur- 
ally the overwintered weevils concen- 
trated in this small acreage of early 
planted cotton. Until nearly the end of 
June fruiting buds (squares) were at- 
tacked and destroyed by boll weevils 
almost as fast as they formed, with the 
result that in many fields cotton plants 
reached a height of 2 feet or more before 
large squares developed, and the plants 
had the appearance of having been at- 
tacked by cotton fleahoppers. 

An example of the destructiveness of 
the overwintered boll weevils and of their 
migration in search of large squares for 
food and egg deposition was observed in 
one experiment. In a 12-acre field of early 
planted cotton 1 acre was dusted five 
times between May 2 and June 7 with 
benzene hexachloride for boll weevil con- 
trol. Excellent contro] was secured; on 
June 14 the dusted plot averaged 3.7 
large squares per plant and the undusted 
plot 0.7 square. Because the dusted plot had 
five times as many squares per plant as the 
undusted plot, the boll weevils began to 
migrate into the dusted plot. Approxi- 
mately 2 weeks later, or on June 27, 
there were 1410 weevils per acre in the 
dusted cotton and 152 per acre in the un- 
dusted. In other words, there were nine 
times as many boll weevils in the dusted 
cotton, where squares were abundant, as 
in the undusted cotton, where squares 
were scarce. This may explain, at least 
partially, the many failures that have 
occurred in pre-square or early season boll 
weevil control when attempted on a small 
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scale or on less than a plantation or com- 
munity-wide basis. 

PRE-SQUARE EXPERIMENTS.— Seven pre- 
square experiments were conducted dur- 
ing May and June in early planted cotton 
to compare the effectiveness of benzene 
hexachloride and calcium arsenate against 
overwintered boll weevils. The plots were 
dusted from one to three times at ap- 
proximately weekly intervals, at the rate 
of 8 pounds per acre. Although entire 
fields, ranging from 1.5 to 6 acres, were 
utilized, the overwintered weevils were so 
persistent in their efforts to find large 
squares on which to feed and in which to 
lay eggs that there was a more or less 
continuous migration from field to field 
throughout June, and the dusted fields 
were reinfested within a few days. Infes- 
tation records made 24 hours after dust- 
ing showed that benzene hexachloride 
gave a much quicker kill than calcium 
arsenate. 

The boll weevil population per acre 
was computed from examination of plants 
on 500 feet of row. In one experiment the 
population 24 hours after dusting with 
benzene hexachloride containing 5.75 per 
cent of gamma isomer was reduced from 
1248 to 29 weevils per acre, or 97.7 per 
cent, and in another similar experiment 
the reduction was from 1452 to 15 boll 
weevils, or 99 per cent. The average of 
five experiments is shown in table 1. 
Examinations made 6 days after the in- 
secticides were applied showed that ben- 
zene hexachloride containing 5.75 per cent 
of gamma isomer gave better control than 
did calcium arsenate, but that the 2.88 per 
cent concentration was less effective. 

CaGe EXpeRIMENTS TO DETERMINE 
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Table 1.—Average per cent reduction of boll 
weevil infestation following treatments with ben- 
zene hexachloride and calcium arsenate. 











AFTER AFTER 
24 Hours 6 Days 
(5 EXPERI- (7 EXPERI- 
TREATMENT MENTS) MENTS) 
Benzene hexachloride: 
Gamma 5.75% 79.7 713.3 
Gamma 2.88% 69.8 56.7 
Calcium arsenate 16.3 65.7 





DuRaATION OF EFFECTIVENESS.—To ob- 
tain further information on the duration 
of effectiveness of benzene hexchaloride, a 
series of cage tests was conducted. On 
July 3 two similar groups of field-growing 
cotton plants were dusted, one with cal- 
cium arsenate and one with benzene hexa- 
chloride (5.75 per cent gamma isomer), 
each at the rate of 8 pounds of dust per 
acre. Immediately after the dusting, and 
again after 2 and 4 days, 4 plants of each 
group were individually caged and 35 to 
40 boll weevils were released in each cage. 
Examinations were made for 5 days fol- 
lowing each release to determine the boll 
weevil mortalities. 

It will be noted (Table 2) that benzene 
hexachloride gave a much quicker kill 
than did calcium arsenate, but that it 
lost its high toxicity to boll weevils after 
about 2 days. 

COOPERATIVE SMALL-PLoT EXPERIMENT. 
—This experiment, conducted for boll 
weevil and cotton aphid control, com- 
pared three concentrations of benzene 
hexachloride with calcium arsenate alone 
and with calcium arsenate plus 1 per 
cent of nicotine. Similar experiments were 
conducted by Bureau workers at Florence, 


Table 2.—Per cent mortality of boll weevils at various intervals after release in cages treated 
with benzene hexachloride (gamma isomer 5.75 per cent) and with calcium arsenate. 








Time AFTER 


Day 








DustTING TO ~ $$ —____— 
RELEASE TREATMENT Ist 2nd 3rd tth 5th 
Immediately Benzene hexachloride 36.4 77.8 82.6 86.0 89.3 
Calcium arsenate 10.3 29.9 52.3 78.5 88.8 
Untreated check 0 0 0 1.6 3.9 
2 days Benzene hexachloride 15.3 27.3 32.0 33.3 34.7 
Calcium arsenate 6.5 23.4 38.8 54.2 69.2 
Untreated check 1.7 2.6 4.3 5.2 6.9 
4 days Benzene hexachloride §.1 9.6 1.0 15.4 18.4 
Calcium arsenate 12.6 16.2 25.2 30.6 36.9 
Untreated check 0 1.9 1.9 1.9 6.5 
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Table 3.—Effectiveness of benzene hexachloride and a mixture of benzene hexachloride and DDT 
against boll weevils, bollworms, and cotton aphids. 














BoLLworM APHIDS PER YIELD OF SEED 

Rate INFESTATION Square Incu Cotton PER ACRE 
OF Bou 
Appii- WEEVIL 

CATION Punc- Gain 

PER TURED Injured Injured Aver- Maxi- Over 

TREATMENT Acre Squares Squares Bolls age mum Total Check 

Per Per Per Num- Num- 

Pounds Cent Cent Cent ber ber Pounds Pounds 





Experiment 1 (small-plot, boll weevil and cotton aphid) 


Benzene hexachloride: 


Gamma 5.75% 8.0 18.6 13.1 18.0 1.3 7.3 
2.88% Ti 24.7 10.4 10.0 2.2 11.7 
1.44% 8.5 29.7 10.3 8.6 2.7 18.2 
Calcium arsenate 7.6 17.9 10.4 8.9 4.5 18.4 
Calcium arsenate plus nico- 
tine 1% 8.0 19.2 10.5 9.4 $3.2 18.2 
Untreated check — 41.4 10.0 8.3 2.3 11.8 
Difference required for sig- 
nificance, 5% level — 4.9 — — 1.0 —_ 
Experiment 2 (small-plot, bollworm and cotton aphid) 
Benzene hexachloride, gam- 
ma 5.75% 18.1 6.1 40.5 48 .2 2.9 5.6 
DDT 10% 16.4 15.8 6.5 6.0 10.5 24.0 
DDT 5% 16.5 16.5 10.9 13.7 11.3 25.6 
DDT 5% plus sulfur 82.5% 16.8 17.5 15.2 19.8 6.1 14.7 
Cryolite 70% plus sulfur 30% 16.4 13.3 17.2 17.8 6.5 16.1 
Untreated check -- 15.5 32.0 45.3 8.2 27.1 
Difference required for sig- 
nificance, 5% level _ 6.3 8.4 9.9 4.1 — 
Experiment $3 (small-plot, bollworm and cotton aphid) 
Benzene hexachloride, gam- 
ma 4.31% 16.2 1.1 33.2 37.9 4.3 8.4 
Benzene hexachloride, gam- 
ma 4.31%, pluu DDT 5% 18.1 1.8 7.7 ~~ 8.6 22 4.1 
DDT 5% 15.6 1.3 11.6 12.4 24.3 38.1 
DDT 10% 7.6 0.8 12.1 10.1 26.0 41.2 
Calcium arsenate 16.1 1.4 11.7 13.1 25.4 40.8 
Untreated check ~- 1.2 31.9 37.3 29.0 39.8 
Difference required for sig- 
nificance, 5% level — -- 5a i 6.6 728 — 


Experiment 4 (large-scale, bollworm, aphid, and boll weevil) 


Benzene hexachloride, gam- 
ma 2.88%, plus DDT 5% 

Benzene hexachloride, gam- 
ma 0.575%, plus calcium 
arsenate 

Calcum arsenate 

Calcium arsenate 

Calcium arsenate plus nico- 
tine 1% 

Untreated check 


15.8 


— 
oS MOM 
SCS Awe 


6.8 12.9 11.0 1.4 6.5 
3.1 20.1 27.9 10.2 25.5 
4.4 12.2 19.6 13.7 28.0 
2.5 17.2 28.2 14.5 42.6 
5.6 18.3 30.6 8.1 20.8 
8.3 31.4 39.2 8.4 19.9 


Experiment 5 (large-scale, bollworm, aphid and boll weevil) 


Benzene hexachloride, gam- 
ma 2.88%, plus DDT 5% 

Benzene hexachloride, gam- 
ma 1.15%, plus calcium 
arsenate 

Calcium arsenate 

Calcium arsenate plus nico- 
tine 2%} 


16.2 


15.5 
15.6 


15.3 


0.5 5.7 5.3 1.4 5.2 
0.4 11.2 9.3 18.3 28.9 
1.2 9.3 7.8 12.8 31.7 
0.9 12.6 10.8 3.2 11.7 


1488 
1526 
1469 
1334 


1408 
1442 


31 
916 
635 
503 
524 

89 


179 


1276 


236 
774 
442 


441 
162 


1753 


824 
927 


1189 


46 
84 


~ 


Q7 
—108 


—34 


—58 
827 
546 
414 
435 


1140 
534 
492 
560 


1114 


74 
612 
280 


279 
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Table 3.—(Continued) 
BoLLworM APHIDS PER YIELD oF SEED 
Rate INFESTATION SquarE IncH CoTTon PER ACRE 
OF Bou. 
Appui- WEEVIL 
CATION Punc- Gain 
PER TURED Injured Injured Aver- Maxi- Over 
TREATMENT AcrE Squares Squares  Bolls age mum Total Check 
Per Per Per Num- Num- 
Pounds Cent Cent Cent ber ber Pounds Pounds 
Experiment 6 (large-scale, bollworm, aphid, and boll weevil) 
Benzene hexachloride, gam- 
ma 2.88%, sulfur 37%, 
and DDT 5% 15.4 1.8 8.3 5.4 0.2 0.7 1184 1085 
Untreated check -- 1.9 44.9 39.0 4.7 11.5 99 
Experiment 7 (large-scale, bollworm, aphid, and boll weevil) 
Benzene hexachloride, gam- 
ma 2.88%, sulfur 37%, 
DDT 5% 15.9 5.2 7.3 6.4 0.4 3 1105 756 
Benzene hexachloride, gam- 
ma 4.5%, clay and un- 
known inert 50%, and 
DDT 5% 16.3 1.0 3.9 4.7 0.1 0.1 1305 956 
Calcium arsenate 15.6 7.0 17.3 11.6 5.4 8.9 514 165 
DDT 5% in sulfur 15.6 $2.1 6.2 7.0 4.1 10.6 675 326 
Untreated check = 25.1 19.5 21.7 §.7 12.5 349 _ 





1 First 3 applications and their alternate applications with calcium arsenate alone. 


S. C., Stoneville, Miss., Tallulah, La., San 
Benito, Texas, and by state experiment 
station personnel at Shreveport, La., and 
College Station, Texas. The plots were 18 
rows wide and 0.2 acre in size, and were 
arranged in randomized blocks with four 
replications of each treatment. The dusts 
were applied on June 27, July 3, and July 
31, with rotary hand guns, and the pro- 
cedure and method of recording data were 
the same as had been previously reported 
(Ewing & Parencia 1943). The treatments 
and experimental data are shown in table 
3, experiment 1. Heavy infestations of 
bollworms made it necessary to dust all 
plots, including check plots, with 5 ap- 
plications of 5 per cent DDT in pyrophyl- 
lite between July 13 and August 10 to pre- 
vent the bollworm from ruining the ex- 
periment. 

Each insecticidal treatment reduced the 
boll weevil infestation significantly below 
that in the check. According to the in- 
festation records, calcium arsenate alone, 
calcium arsenate plus 1 per cent of nico- 
tine, and benzene hexachloride containing 
5.75 per cent of the gamma isomer were 
significantly better than the lower con- 
centrations of gamma-benzene hexachlor- 


ide in controlling the boll weevil; how- 
ever, the yield records showed no signifi- 
cant difference between treatments. Con- 
tinued hot, dry weather and widespread 
dusting of surrounding cotton for boll 
weevil control reduced weevil damage in 
the check plots to a minimum, the in- 
festation being 87 per cent on June 26 
and 19 per cent on July 16. 

LarGE-ScaLE ExPEeRIMENTS.—Several 
large-scale experiments for boll weevil 
control in which benzene hexachloride 
was used were conducted but are not 
reported in detail in this paper. There 
was a fairly high boll weevil infestation 
in large-scale experiment 7, as may be 
noted in table 3. Boll weevils were also 
very numerous in two other experiments 
in which benzene hexachloride mixed 
with DDT was used. Field-plot experi- 
mental data show that satisfactory boll 
weevil control may be obtained from ben- 
zene hexachloride, alone or mixed with 
DDT. 

Toxicity oF BENzENE HExACHLOR- 
IDE FROM DIFFERENT MANUFACTURERS.— 
Cage tests were conducted with six 
samples of benzene hexachloride, each 
reported by the manufacturer to contain 
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5 per cent of the gamma isomer. Five were 
of American manufacture and one was 
manufactured in England. All these 
samples were tested against boll weevils, 
bollworms, and cotton leafworms, and 
four were tested against cotton aphids. 
The numbers of insects tested with the 
various materials ranged as follows: Boll 
weevils 195 to 217, bollworms 67 to 84, 
cotton leafworms 170 to 200, and cotton 
aphids 728 to 1196. The rates of applica- 
tion per acre were 8 pounds for boll 
weevils, 16 pounds for bollworms and 
leafworms, and 10 pounds for cotton 
aphids. Results of these tests are shown in 
table 4. 

Against cotton aphids and leafworms all 
samples were about equally effective. 
Against boll weevils the variation was 
more marked, and against bollworms there 
was a wide range of effectiveness. 


Table 4.—Per cent mortality of boll weevils, 
bollworms, and cotton leafworms 5 days after 
dusting and of cotton aphids 24 hours after dust- 
ing with various commercial dusts containing 
benzene hexachloride (gamma isomer 5 per 
cent). 
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BoLLworM Experm™MenNts.—The  ex- 
tremely heavy damage from bollworms 
in many cotton fields in central Texas 
during 1946 gave excellent opportunity 
for field tests with the new insecticides. 

Two small-plot experiments were con- 
ducted near Waco for control of this in- 
sect in which DDT, benzene hexachloride, 
and a mixture of these two insecticides 
were used. The plots were 10 rows wide 
and 0.1 acre in size, and were arranged in 
randomized blocks with four replications 
of each treatment. The dusts were ap- 
plied and data recorded in a similar 
manner as in the boll weevil and aphid 
experiments. The treatments and experi- 
mental data are shown in table 3, experi- 
ments 2 and 3. 
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In experiment 2 five dust applications 
were made between July 18 and August 
14. In previous experiments (Parencia 
et al. 1946) 10 per cent DDT gave better, 
but not significantly better, control than 
5 per cent DDT. Owing perhaps to the 
extremely heavy bollworm infestation in 
this experiment, where the check pro- 
duced only 89 pounds of seed cotton per 
acre, the 10 per cent DDT gave signifi- 
cantly better control of the bollworm than 
the 5 per cent. The plots treated with 5 
per cent of DDT in pyrophyllite produced 
more, but not significantly more, than 5 
per cent of DDT in sulfur, or than cryolite. 
Benzene hexachloride alone was of no 
value in controlling the bollworm. In 
fact, there was an increased infestation 
and lower a yield in the plots treated with 
benzene hexachloride than in the check. 

In experiment 3 five dust applications 
were made between July 27 and August 
17. Infestation and yield records (Table 
3) show that the mixture of DDT and 
benzene hexachloride gave excellent boll- 
worm control. The gain from the mixture 
was slightly more than twice that from 
the 5 per cent DDT. There was no sig- 
nificant difference between 5 per cent 
DDT at approximately 16 pounds, 10 
per cent DDT at about 8 pounds, and 
calcium arsenate at 16 pounds per acre. 
Benzene hexachloride alone at 16 pounds 
per acre was totally ineffective. 

Results of experiments 2 and 8 indicate 
that benzene hexachloride should not be 
used alone for cotton insect control where 
the bollworm may be involved. 

LARGE-SCALE EXPERIMENTS.—In_ ex- 
periment 4 dusts were applied three times 
between July 10 and 19, with light dosages 
(6 to 8.7 pounds per acre) for boll weevil 
control. The treatments consisted of ben- 
zene hexachloride, a mixture of calcium 
arsenate and benzene hexachloride, cai- 
cium arsenate containing 1 per cent of 
nicotine, and calcium arsenate alone. 
Dusting was done with a 6-row tractor-at- 
tachment dusting machine. Each plot was 
36 rows wide and 4.1 acres in size. By 
July 24, boll weevils were below. the 
damage point in all plots; therefore, the 
design of the experiment was changed to 
control the heavy bollworm infestation 
that had developed. The three previous 
treatments had little if any effect upon 
the results obtained from the experi- 
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ment. Beginning July 24, the plot that 
had been dusted with benzene hexachlor- 
ide alone received a mixture of DDT and 
benzene hexachloride. Seven applications, 
six effective, were made between July 24 
and August 21 for bollworm control. 
Treatments and all experimental data are 
shown in table 3. 

The mixture of DDT and benzene 
hexachloride gave very good results in 
the control of bollworms, aphids, and boll 
weevils, the gain in yield being almost 
twice as much as from calcium arsenate at 
approximately 16 pounds per acre. The 
gain from calcium arsenate at 16 pounds 
was more than twice that at 8 pounds. 

Experiments 5, 6, and 7 (Table 3) were 
begun late in the season, in cotton that 
had previously been dusted by the owners 
five to seven times with calcium arsenate 
or with calcium arsenate followed by 5 
per cent DDT for boll weevil and boll- 
worm control. The experiments were in 
separate fields. The owners had abandoned 
hope of producing a crop in these fields, 
because aphids were so abundant and 
bollworms had destroyed about all the 
squares and bolls of what had promised 
to be a bale-per-acre crop before the boll- 
worm struck. 

The plots in experiment 5 received six 
effective applications between August 7 
and September 7, those in experiment 6 
received six applications between August 
16 and September 12, and those in experi- 
ment 7 received seven between August 17 
and October 1. All applications were 
made with 6-row or 8-row tractor-attach- 
ment dusting machines, except the last in 
experiment 7, which was by airplane. 

In experiment 5 and 6 the cotton dusted 
with the mixture of DDT and benzene 
hexachloride showed the most marked re- 
covery from insect damage, and the most 
phenomenal increase in vigor and fruit- 
ing, of any dusted cotton ever observed by 
the authors. Within a remarkably short 
time the plants were covered from top to 
bottom with blooms and bolls. In experi- 
ment 7 the recovery was somewhat slower 
but nonetheless evident, whereas adjoin- 
ing cotton dusted with calcium arsenate 
appeared lifeless and did not put on new 
fruit for some time. There was a killing 
frost on October 12, which prevented 
further fruiting and damaged many of 
the immature bolls in nearly all the dusted 
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plots of the late-season experiments. Be- 
cause the frost-damaged bolls did not 
open into harvestable cotton, the gains in 
yields were considerably reduced. 

The plots treated with the mixture of 
5 per cent DDT and benzene hexachloride 
containing 2.88 per cent of the gamma 
isomer produced enormous gains over the 
untreated plots and over those treated 
with calcium arsenate or with calcium 
arsenate plus 2 per cent of nicotine. 

Corton Apuip.—Frequently when small 
plots, portions of fields, or isolated fields 
are dusted with calcium arsenate or other 
“aphid-building” insecticides, no serious 
damage from aphids occurs, because pre- 
dators and parasites from undusted 
areas nearby migrate into the relatively 
small dusted areas. On the other hand, 
when practically all the cotton in large 
fields on entire farms or throughout entire 
communities is dusted, aphids usually 
build up in large numbers. Dusting the 
early planted cotton with calcium arsenate 
for boll weevil control was general during 
1946 in certain communities around Waco 
and throughout central Texas. As a result 
aphids built up in damaging numbers, 
and migration was widespread. In many 
communities the undusted as well as the 
dusted cotton became heavily infested. It 
was under such heavy aphid migrations 
that nicotine sulfate and benzene hexa- 
chloride were tested at Waco in 1946. 

Aphid population counts were made in 
all field-plot experiments. Results of some 
of these counts are shown in table 3. 

In experiment 2 when sulfur was 
mixed with DDT the aphid infestation 
was only about half as great as when 
pyrophyllite was used. 

In experiment 3 benzene hexachloride 
alone and in a mixture with DDT gave 
excellent aphid control. The infestation in 
the treatment receiving the mixture was 
approximately one-half of that in the 
treatment receiving benzene hexachloride 
alone, but this difference was not signifi- 
cant. Much better bollworm control was 
noted from the mixture than from 5 per 
cent DDT. It appears that the mixture 
of DDT and benzene hexachloride is more 
effective against aphids than benzene 
hexachloride alone, and more effective 
against bollworms than DDT alone. The 
reason for this greater effectiveness is not 
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clear, but the possibility of synergism 
should not be overlooked. 

Aphids did considerable damage in all 
plots of experiment 4 except the plot 
dusted with the mixture of DDT and 
benzene hexachloride. This mixture gave 
excellent control of aphids, bollworms, and 
leafworms. Calcium arsenate mixed with 
nicotine in every application failed to give 
satisfactory control. 

In experiment 5, 2 per cent of nicotine 
in calcium arsenate for the first three 
successive applications and then alternate 
applications with calcium arsenate alone 
did not give nearly so good knock-out or 
continued control of a heavy aphid in- 
festation as did a mixture of DDT and 
benzene hexachloride. 

Experiments 6 and 7 were also begun 
when there was a heavy initial infestation 
of aphids, and the mixture of DDT and 
benzene hexachloride gave satisfactory 
results. In fact, in every experiment 
where aphids were extremely difficult to 
control benzene hexachloride or a mixture 
of benzene hexachloride and DDT was 
satisfactory, not only in preventing a 
build-up within the dusted area, but also 
as a knock-out in controlling heavy in- 
festations of aphids. 

A small-plot randomized-block experi- 
ment with four replicates of each treat- 
ment was conducted to compare 3 per 
cent of nicotine in lime and benzene 
hexachloride dusts containing 5, 2.5, and 
1.25 per cent of the gamma isomer. At 
the time the experiment was begun there 
was a heavy aphid infestation. Approxi- 
mately 10 pounds per acre of each dust 
was applied on July 17. Examinations 
made after 1 and 3 days showed that only 
the benzene hexachloride containing 5 
per cent of the gamma was more effective 
than nicotine in lime. 

In a small-plot experiment three cal- 
cium arsenate-benzene hexachloride dusts 
—0.36, 0.72, and 1.44 per cent of gamma 
isomer—applied eight times at 8 pounds 
per acre, gave no appreciable aphid con- 
trol. These records indicate an incompati- 
bility between the two insecticides. 

Benezene hexachloride was mixed with 
a so-called “neutral” calcium arsenate in 
experiments 4 and 5 (Table 3). These 
mixtures likewise failed to give a satis- 
factory aphid control at concentrations of 
either 0.575 or 1.15 per cent of the gamma 
isomer. 
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A mixture of benzene hexachloride and 
a special calcium arsenate, reported by 
the manufacturer to contain no free lime, 
was effective against cotton aphids, boll 
weevils, and bollworms in preliminary 
laboratory and cage tests. 

LrearwormM.—Most of the experimental 
plots became infested with leafworms in 
September, which state afforded an oppor- 
tunity for a study of the effect of benzene 
hexachloride on this insect under field 
conditions. In several experiments where 
five applications of benzene hexachloride 
had been made before leafworms appeared, 
the residual control was surprisingly good. 
In some of these experiments cotton was 
protected from leafworm defoliation for 8 
weeks after the last dust application, or 
until defoliated by frost. Adjacent un- 
dusted cotton and cotton dusted with 
calcium arsenate, cryolite, or DDT were 
completely defoliated. The mixture of 
DDT and benzene hexachloride appeared 
to give control of the leafworm equal to 
that given by benzene hexachloride alone, 
if not slightly better. 

Oruer I[Nsects.—Records and observa- 
tions made in the various field experi- 
ments showed that benzene hexachloride 
or a mixture of DDT and benzene hexa- 
chloride was effective in controlling the 
cotton fleahopper, Psallus seriatus Reut., 
the rapid plant bug, Adelphocoris rapidus 
(Say), thrips, stink bugs, and loopers. 

Two-Sporren Sp1pER Mite.—The two- 
spotted spider mite, Tetranychus bimacu- 
latis Harvey, better known as the red 
spider, increased in some of the experi- 
ments in which benzene hexachloride, 
DDT, or a mixture of these two insecti- 
cides was used. In experiments 4 and 7 
the infestation approached the damage 
point in the plots dusted with the mixture 
without sulfur. The addition of sulfur in 
experiment 7 aided in checking the in- 
crease of this mite. 

SumMMARY OF Resutts.—In field-plot 
experiments at Waco, Texas, during 1946 
benzene hexachloride dust containing at 
least 5 per cent of the gamma isomer gave 
satisfactory control of the boll weevil, 
Anthonomus grandis Boh., the cotton 
aphid, A phis gossypii Glov., and the cotton 
leafworm, Alabama argillacea (Hbn.), but 
no control of the bollworm, Heliothis 
armigera (Hbn.). Mixtures of 5 per cent 
DDT and benzene hexachloride containing 
from 2.88 to 4.31 per cent of the gamma 
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isomer gave excellent control of the boll- 
worm and were also effective in controlling 
the boll weevil, cotton aphid, and cotton 
leafworm. These mixtures were more ef- 
fective against the bollworm than was 
DDT alone, against the cotton aphid and 
cotton leafworm than benzene hexachlor- 
ide alone, and in several late-season 
experiments gave adequate control of 
heavy infestations of the boll weevil. 

In one small-plot experiment a mixture 
of 5 per cent DDT and benzene hexa- 
chloride containing 4.31 per cent of the 
gamma isomer produced 1284 pounds of 
seed cotton per acre, as compared with 
678 pounds from 5 per cent DDT alone 
and 144 pounds from the untreated check. 
In a large-scale experiment begun when 
the bollworm infestation first developed, a 
plot treated with a mixture of 5 per cent 
DDT and benzene hexachloride contain- 
ing 2.88 per cent of the gamma isomer 
produced a gain, over the check, of 1114 
pounds. The gain from the mixture was 
aimost twice as much as from calcium 
arsenate at approximately 16 pounds per 
acre, and calcium arsenate at 16 pounds 
produced a gain of more than twice as 
much as calcium arsenate at 8 pounds. 

Three late-season large-scale experi- 
ments with a mixture of 5 per cent DDT 
and benzene hexachloride containing 2.88 
per cent of the gamma isomer were con- 
ducted in cotton fields in which the 
growers had failed to control the boll- 
worm, At the time the experiments were 
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begun, the cotton plants were practically 
devoid of fruit and were heavily infested 
with aphids. In one experiment the pro- 
duction was 1184 pounds per acre as 
compared with 99 pounds in the un- 
treated check. In another experiment 
with this mixture there was a gain of 756 
pounds per acre over the untreated check 
and a gain of 591 pounds over the plot 
treated with calcium arsenate. In a third 
experiment this mixture effected a gain of 
826 pounds over calcium arsenate and a 
gain of 564 pounds over calcium arsenate 
plus 2 per cent of nicotine. 

In cage and field tests benzene hexa- 
chloride gave a much quicker kill of the 
boll weevil than did calcium arsenate, but 
it lost most of its toxicity within about 2 
days. On the other hand, against cotton 
leafworms its effect was much more 
residual than was that of calcium arsenate. 

There was evidence that benzene hexa- 
chloride may be incompatible with stand- 
ard calcium arsenate. 

As a knock-out aphicide benzene hexa- 
chloride containing 5 per cent of the 
gamma isomer was more effective than 3 
per cent of nicotine in lime, but benzene 
hexachloride containing 2.5 per cent of the 
gamma isomer was less effective. When 
mixed with 5 per cent DDT, benzene 
hexachloride containing 2.88 per cent of 
the gamma isomer was approximately 
twice as effective against a heavy aphid 
infestation as was 2 per cent of nicotine 
in calcium arsenate. 
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Entomologists to Meet in Chicago 


The annual meetings of the American Association of Economic 
Entomologists and the Entomological Society of America will be held 
in Chicago December 27 to December 30. Headquarters will be at the 
Congress Hotel and reservations should be made early. 











Benzene Hexachloride for Control of Plum Curculio 
on Peaches 
Ouiver I. Snapp,! U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


Although, prior to 1946, nothing had 
been published on the use of benzene 
hexachloride for the control of the plum 
curculio on peaches, reports were cir- 
culated that it was effective against that 
insect. Preliminary experiments were there- 
fore conducted at Fort Valley, Ga., during 
1946 to determine the effect of this new 
insecticide on the plum curculio and on 
peach fruit and foliage. These included 
cage tests, single-tree tests, tests in com- 
mercial-orchard plots and also _prelimi- 
nary experiments in treating peach drops 
and soil. 

Several commercial formulations of 
benzene hexachloride were used. The 
composition of those prepared from a 
technical grade of the material was re- 
ported to be as follows: (1) A 31.6 per 
cent wettable powder containing 3.79 
per cent of the gamma isomer, (2) a 5 
per cent dust containing 0.575 per cent of 
the gamma isomer, and (3) a 10 per cent 
dust containing 1.15 per cent of the 
gamma isomer. The composition of the 
formulations prepared from crude ben- 
zene hexachloride was reported to be as 
follows: (1) A 5 per cent dust containing 
0.5 per cent of the gamma isomer, and 
(2) a 10 per cent dust containing 1.0 per 
cent of the gamma isomer. The 10 per 
cent dust formulation was also used as a 
water wettable powder. 

Cace Trests.—These tests involved the 
application of sprays and dusts to entire 
single trees and also the placing of wire- 
screen cages, each containing 25 adult 
plum curculios, over limbs bearing fruit 
and foliage. At one end of each cage was 
a cloth sleeve, which was tied to a limb 
to hold the cage in place. Sprays were 
applied with a double-acting hand spray 
pump at 180 to 2C0 pounds pressure, and 
dusts were applied with a knapsack hand 
duster of bellows type. Three series of 
cage tests were carried out. The first 
series was started April 9, using over- 
wintered curculios jarred from unsprayed 
trees that day; the second on May 27, 
using first-generation adult curculios that 


. ! Acknowledgement is made to Julius P. Hollon who assisted 
in all of the experiments reported in this paper. 


emerged from the soil on May 26 or 27 
and had done no feeding; and the third 
on July 12, using first-generation adults 
that emerged during the period May 25 
to June 1 and had been maintained in the 
insectary on untreated! peach fruit and 
foliage. The treatments used and results 
are given in table 1. The results from the 
second series of cage tests are believed to 
have been affected by a beating rain, 
amounting to 2.69 inches, that fell 5 days 
after the tests were started. 

Although the results of the cage tests 
with benzene hexachloride were not spec- 
tacular, they indicated that this material 
has promise as ‘an insecticide for the con- 
trol of the plum curculio on peach. A 
number of dead larvae about 3 days old 
were found in peaches 2 weeks after they 
were sprayed with the 3.79 per cent 
gamma benzene hexachloride at the rate 
of 6 pounds per 100 gallons of spray. 
There were also many empty larval 
channels in the fruit at that time, indi- 
cating that the larvae had died and de- 
composed. The irdicaticn is that the 
material will have to be used at the rate 
of at least 1 pound of the technical ma- 
terial (containing at least 10 per cent of 
the gamma isomer) per 100 gallons of 
spray. Lower dosages were less effective 
than the usual strength of lead arsenate. 
In these tests white-oil emulsion did not 
improve the effectiveness of the material 
sufficiently to justify the added cost; the 
crude benzene hexachloride appeared to 
be somewhat more effective than the 
technical grade; and, in general, the ben- 
zene hexachloride dusts were not so 
effective as the sprays. When used on 
foliage alone (after harvest), benzene 
hexachloride appeared to repel the cur- 
culios the first week, killed them the 
second or third week, and had very little 
effect after that time. Results of tests 
conducted before harvest showed a similar 
trend. 

SincLE-TREE Trests.—During the pe- 
riod June 27 to July 15 the peaches were 
harvested from the trees used for the 
cage tests started on April 9 and May 27, 
and the fruits were cut open to deter- 
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Table 1.—Mortality of plum curculio adults on peach trees at Fort Valley, Ga., after spray and dust 
applications of benzene hexachloride, in comparison with lead arsenate sprays, 1946. 














DatTE Per Cent Mortatity aFTER— 
TEST 
4 Was 7 14 21 28 35 42 
TREATMENT StartepD Days Days Days Days Days Days 
Sprays (Amount per 100 gallons): 
Benzene hexachloride (technical) wettable pow- 
der, 3.79 per cent gamma isomer: 
12 oz. April 9 8 12 12 16 16 16 
24 oz. April 9 16 36 36 At 60 60 
April 9 79 88 92 92 92 92 
3 Ibs. May 27! 22 96 96 96 96 = 
July 12 0 24 28 32 40 —_ 
April 9 88 96 96 96 96 96 
3 lbs. plus 1 quart summer-oil emulsion May 27! 28 28 36 36 48 — 
July 12 4 68 72 72 2 — 
Apel © 80 988—si100 i hee 
6 lbs. May 27! 60 64 64 64 72 am 
July 12 4a 20 # &- — 
20 Ibs. Benzene hexachloride (crude) 1.0 percent {May 271 28 80 80 84 84 _ 
gamma isomer July 12 0 100 ee iT ibid ee: tor eee 
2 lbs. Lead arsenate plus 2 Ibs. zine sulfate and {April 9 8 48 96 100 -- _ 
8 lbs. hydrated lime May 27! 20 48 48 48 72 — 
July 12 0 4 5 6 80 — 
(April 9 Si a a ee 
Check No. 1 (untreated) {May 27 4 8 8 8 $s — 
(July 12 0 8 8 8 646 — 
Dusts (percent gamma isomer benzene hexachloride) : 

{April 9 12 28 72 100 -- - 
0.575 % Technical material | May 27 “6 6 bw @O2.&6& — 
(July 12 a © 8 % % — 
(April 9 24 2 2 24 2 @ 
1.15 % Technical material Gut 27 40 40 #40 #4 #48 —~=— 
July 12 @ ><! 8s Be 5 BRM Oe 
0.5 % Crude material nue 27 0 4 28 28 eo — 
July 12 + 76 76 76 76 _ 
1.0 % Crude material ee 27 $88 46 8 50 s8 8 — 
July 12 -.M.-. = —- = 
(April 9 8 12 12 23 23 23 
Check No. 2 (untreated) May 27 12 12 12 16 16 —_ 
July 12 oe ee 





1 Wettable sulfur, 6 pounds, added to 100 gallons of spray. 


2 Contaminated when dusting nearby tree with benzene hexachloride. 


mine the percentage infested with cur- 
culios. The results are given in table 2. 
While the single-tree tests were con- 
ducted primarily to determine the phy- 
tocidal effect of benzene hexachloride on 
peach fruit and foliage, and were too 
small to give a fair measure of its insec- 
ticidal efficiency, the results indicate its 
value for plum curculio control. This is 


especially true because these tests were 
conducted against a heavy infestation on 
the Belle of Georgia variety, which is 
very susceptible to curculio attack. More 
than half the fruits on the check trees 
were infested. The results indicated that, 
under the above conditions, two applica- 
tions of 6 pounds of the 3.79 per cent 
gamma benzene hexachloride wettable 
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Table 2.—Control of the plum curculio on 
peaches at Fort Valley, Ga., in single-tree tests 
with benzene hexachloride sprays and dusts, in 
comparison with a lead arsenate spray, 1946. 
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Table 3.—Control of the plum curculio on 
peaches at Fort Valley, Ga., with benzene hexa- 
chloride (wettable powder), in comparison with a 
lead arsenate spray, 1946. 








Fruits 
INFESTED 


APPLICA- 


TREATMENT TIONS 





Number 
Sprays (amount per 100 gallons): 
Benzene hexachloride (tech- 
nical) wettable powder, 
3.79 per cent gamma iso- 
mer: 
12 oz. 
24 oz. 
8 lbs. 
$ lbs. plus summer-oil emul- 
sion 1 quart 
6 lbs. 
20 lbs. Benzene hexachloride 
(crude), 1 per cent gamma 
isomer 
2 Ibs. Lead arsenate, plus 2 
Ibs. zine sulfate and 8 lbs. 
hydrated lime 
Check No. 1 (untreated) 
Dusts (per cent gamma isomer 
benzene hexachloride): 
0.575 % Technical ma- 
terial 16. 
1.15 % Technical ma- 
terial $7.7 
1 % Crude material 42.9 
Check No. 2 (untreated) — 51.1 


Per Cent 





1 Fruit crop considerably smaller than that on other treesin 
experiment. 


powder alone, or 3 pounds in combination 
with 1 quart of a summer-oil emulsion per 
100 gallons of spray, may be very effective 
against the plum curculio. However, both 
these treatments affected the flavor of the 
fruit. 

OrcuarD Trests.—Benzene hexachlo- 
ride was used on two small plots in an 
experiment conducted for control of the 
plum curculio in a commercial peach 
orchard in 1946. The wettable powder 
reported to contain 31.6 per cent of 
technical benzene hexachloride and 3.79 
per cent of the gamma isomer was used, 
in comparison with lead arsenate. Appli- 
cations were made at petal-fall, shuck-off 
(about 10 days after petal-fall), and 4 
weeks prior to harvest. Wettable sulfur, 
6 pounds per 100 gallons, was included 
in all treatments applied at shuck-off and 
4 weeks prior to harvest. Zine sulfate, 2 
pounds, and hydrated lime, 8 pounds, 
were used with lead arsenate in all appli- 
cations. The fruit was harvested during 
the period June 28 to July 8, and each 
peach was cut open to determine the 


INFESTED 

FRUITS AT 

HARVEST 
TIME 


TREATMENT 
(MATERIALS AND AMOUNT PER 
100 GALLons) 





Per Cent 
Lead arsenate, 2 lbs. at petal-fall, shuck- 


off and 4 weeks prior to harvest 38.7 


Benzene hexachloride (3.79 per cent 
gamma isomer) 
1 Ib. at petal-fall and 3 Ibs. at shuck- 
off and 4 weeks prior to harvest 


Benzene hexachloride (3.79 per cent 
gamma isomer) 
1 Ib. at petal-fall and 8 Ibs. at shuck- 
off; 2 lbs. lead arsenate 4 weeks prior 
to harvest 


Check (untreated) 





percentage of fruits infested with the 
curculio. The results are given in table 3. 

About half the trees died from winter 
injury during the period between petal- 
fall and shuck-off, and others between 
shuck-off and harvest time. The infesta- 
tion (62 per cent) in the check was con- 
sidered very heavy, and was indicative 
of the infestation in the experimental 
orchard. Undoubtedly this was due in 
some measure to the concentration of 
adult curculios on the few live trees that 
remained in a number of the replicates 
that suffered heavy mortality from winter 
injury. Because this experiment was con- 
ducted under such abnormal conditions, 
the results may not indicate the com- 
parative value of the treatments under 
more normal conditions, but they do 
afford a preliminary evaluation. 

Benzene hexachloride was slightly more 
effective than the standard lead arsenate 
treatment under the conditions of these 
tests. This was true, despite the fact that 
only 1 pound of the wetjable powder was 
used in the petal-fall application, whereas 
the cage tests indicated that at least 3 
pounds were necessary for satisfactory 
results. 

Errect oF BENZENE HEXACHLORIDE 
on Fruit, Fouiace, AND TrEEs.—In the 
tests conducted in 1946 no injury resulted 
to fruit from two applications of 6 pounds 
or less of the 31.6 per cent water-disper- 
sible benzene hexachloride powder per 
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100 gallons of spray, and none could be 
discerned on peach foliage, buds, bud- 
wood, or any other part of the trees from 
four similar applications on April 9, May 
27, July 12, and September 5. Two appli- 
cations of dusts containing 10 per cent or 
less of benzene hexachloride caused no 
injury to fruit, and four applications 
caused no injury to foliage or trees. Ben- 
zene hexachloride as used in the orchard 
tests (Table 3) did not affect the flavor 
of the fruit, and as used in other tests 
did not noticeably affect fruit flavor when 
used in two applications, the second a 
month prior to harvest, with not more 
than 3 pounds of the 31.6 per cent water- 
dispersible benzene hexachloride powder 
per 100 gallons of spray. However, the 
flavor of the fruit was adversely affected 
when two applications, the latest a month 
before harvest, of 3 pounds of the above 
water-dispersible powder were made in 
combination with 1 quart of a summer-oil 
emulsion, or when 6 pounds of this ma- 
terial was used alone per 100 gallons of 
spray. None of the benzene hexachloride 
dusts used affected the flavor of the fruit 
so far as could be detected; however, they 
were less effective than the sprays. 
TREATING PEAcH Drops.—A prelimi- 
nary experiment was conducted in 1946 
to determine the value in plum curculio 
control of treating peach drops with 
benzene hexachloride. On April 24, 2 
quarts of peach drops collected that 
morning were sprayed with 6 pounds of 
the 31.6 per cent water-dispersible ben- 


zene hexachloride powder to 100 gallons: 


of water, and then placed in a wire tray 
for emergence of larvae. The drops were 
rolled over as they were being sprayed, to 
cover all sides of each. A similar quantity 
(2 quarts) of drops collected on the morn- 
ing of April 24 was left unsprayed as a 
check and placed in another wire tray. 
Larvae began to emerge the next day, and 
for 6 days after treatment about the 
same number emerged from each tray. 
After 6 days no larvae emerged from the 
treated drops except 1 on May 3 and 1 on 
May 14. whereas larvae continued to 
emerge from the untreated drops until 
May 27. A total of 65 larvae emerged 
from the untreated drops, as compared 
with 28 from the treated ones. This pre- 
liminary experiment indicates that ben- 
zene hexachloride is a promising insecti- 
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cide for treating peach drops to prevent 
the maturing of plum curculio larvae. 
Apparently, several days are required for 
sufficient penetration of the material to 
prevent the emergence of maturing larvae. 

The larvae that emerged from the 
treated and untreated drops were placed 
in separate containers with soil for rec- 
ords of their subsequent development. 
Adults began to emerge from both con- 
tainers on May 31. The total number of 
adult plum curculios that emerged from 
the 65 larvae reared in the untreated 
drops was 29, or 44.6 per cent, and the 
number that emerged from the 28 larvae 
reared in the treated drops was 10, or 
35.7 per cent. These data indicate that 
the benzene hexachloride may also have 
had some effect on the larvae that man- 
aged to emerge from the treated drops. 

Som TREATMENT.—In laboratory ex- 
periments benzene hexachloride at the 
rate of 3 pounds of the 31.6 per cent water- 
dispersible powder to 100 gallons of water 
was not very effective as a ground spray 
to prevent the development of the plum 
curculio in the soil. When used at the rate 
of 1 gallon per square yard of soil the 
day before plum curculio larvae entered 
it, 10.1 per cent of the larvae reached 
the adult stage and emerged. The adults 
that emerged from the soil sprayed with 
the benzene hexachloride were not affected 
by the treatment. 

SummMary.—The results of cage, single- 
tree, and orchard tests indicate that 
benzene hexachloride has promise as an 
insecticide to control the plum curculio 
on peach. These results indicate that 
about 1 pound of benzene hexachloride 
containing at least 10 per cent of the 
gamma isomer is needed per 100 gallons 
of spray for effective control, that the 
material is more effective used as a spray 
than as a dust, that concentrations con- 
taining 6 pounds or less of a 31.6 per cent 
water-dispersible powder per 100 gallons 
of spray will not injure peach fruit, 
foliage, buds, budwood, or other parts of 
the tree, and that the material may affect 
fruit flavor adversely if used in sufficient 
concentration too close to the harvest 
period. In preliminary experiments the 
material also showed promise for treating 
peach drops to prevent the emergence and 
subsequent development of plum curculio 
larvae.—1-23-47. 











The Use of DDT on Citrus Trees in Florida 


James T. Grirritus, Jr., and W. L. Tuompson, Florida Citrus Experiment Station, Lake Alfred 


In the spring of 1946, Boyce & Ewart 
(1946) suggested the use of DDT for the 
control of thrips and citricola scale in the 
California citrus area, but cautioned, 
“There is uncertainty regarding the pos- 
sible detrimental effect of DDT treat- 
ments on parasites and predators of the 
cottony cushion scale, soft brown scale, 
yellow scale, and aphids. It is possible 
that these insect pests may increase in 
numbers where extensive treatments of 
DDT are made.”’ Seven months later, in 
September, it was reported! that cottony 
cushion scale infestations on citrus were 
showing disturbing increases following the 
use of DDT for the control of thrips and 
scale. In addition to this undesirable 
result Lindgren (1946) and Cressman & 
Broadbent (1946) had previously reported 
citrus red mite, Paratetranychus citri McG. 
(this mite is commonly referred to as the 
purple mite in Florida), increases follow- 
ing the experimental use of DDT for the 
control of purple scale and citricola scale. 

‘This account is a preliminary report of 
the use of DDT on citrus trees in Florida. 
Here, the only recommendations con- 
cerning DDT applications on citrus has 
been for the control of the little fire ant, 
Wasmannia auropunctata Roger. Osburn 
(1945) reported satisfactory control of 
this pest when he sprayed a DDT-fuel 
oil emulsion on the trunks and heavy 
limbs of infested trees. 

DDT was first used by the Citrus 
Experiment Station in central Florida in 
the summer of 1944. Oil was saturated 
with technical DDT and applied as 1.0 
per cent and 1.4 per cent oil emulsions to 
test the possibilities of the addition of 
DDT for the control of purple scale. 
Observations made through the succeed- 
ing months failed to show either beneficial 
or detrimental effects which could be 
attributed to the use of DDT at the con- 
centrations used. 

In 1945, DDT was tried more exten- 
sively. Parts of four different groves in 
the central portion of the state were 
sprayed with solutions containing DDT. 
As each of the groves represents a differ- 
ent situation, the treatments will be 
discussed separately. 


Grove A consisted of Valencia orange 
trees which were uniformly infested with 
Florida red scale, Chrysomphalus aonidum 
L. The DDT was applied as a wettable 
material (1 lb. DDT per 100 gal.), in an oil 
emulsion in July. No initial or long term 
effects of DDT were noted. 

The trees in Grove B were seedy grape- 
fruit. Both Florida red scale and purple 
scale were present in fair numbers. Wet- 
table DDT (1 lb. DDT per 100 gal.) was 
applied in an oil emulsion in June on part 
of the grove. The addition of DDT did 
not appear to influence the initial scale 
kill. However, after 10 months there was 
a very noticeable increase in the red 
scale populations on all the trees sprayed 
with DDT. The grove was routinely 
sprayed with arsenic and oil on May 15, 
1946. A 25 per cent wettable DDT mix- 
ture (1.25 lbs. DDT per 100 gal.) was 
added to one spray tank and this mixture 
was used on 16 trees, all of which had 
received DDT in 1945. Initial scale mor- 
tality was high throughout the grove. On 
June 25, 1946, checks were made to 
determine the densities of the Florida red 
scale parasite, Pseudohomalopoda prima 
Gir. This parasite is readily found as a 
late stage larva or as a pupa in third stage 
red scale females. In addition to actual 
parasites, emergence holes are easily 
recognized and these are included in the 
parasite counts discussed below. The re- 
sults of the count are shown in table 1. It 
will be noted that there is a marked 
difference in the parasite densities on the 
different treatments. In spite of the fact 
that an additional oil spray had been 
applied throughout the grove in July; in 
October, 5 months after the DDT appli- 
cations, the scale population on the trees 
sprayed with DDT and oil in April had 
reached an average of about 200 per leaf, 
according to randomized leaf counts on 
foliage within reach of the ground. At the 
same time, not more than 1 per leaf were 
found on the oil treated trees. Parasite 
counts taken in October showed trends 
similar to those observed in June. In 
addition to Pseudohomalapoda prima Gir., 
Prospaltella aurantii How. was included 
in the count. This parasite is found 
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emerging from late second stage scale. It 
has been recognized by the authors only 
as a very late stage larva, as a pupa, and 
by emergence holes in late second or very 
early third stage Florida red scale. The 
incidence of P. prima was more than 30 
times higher in third stage scale on those 
trees which did not receive the April 
DDT application. Similarly, P. aurantii 
was 8 times more common in second stage 
scale on the same trees. 

At the time that the above parasite 
counts were made in Grove B, a check 
was also made for citrus red mites. In- 
festations were significantly higher on the 
DDT sprayed trees. It should be noted 
that no DDT had been sprayed on the 
trees since May and another spray of oil 
(an efficient acaricide) bad been applied 
in July. Thus, if DDT were the causative 


Table 1.—Density of Pseudohomalapoda prima 
Gir. in third stage Florida red scale following dif- 
ferent spray treatments in 1945 and 1946. 

| Parasite Counts 

















TREATMENT | JUNE 25, 1946 
Average 
| Evidences of | 
| Parasites Live 
| per 100 3rd Parasites 
June May | Stage Live per 100 
1945 1946 | Scale! Live Scale 
Oil Oil | 13 0 | 85 
Oil-DDT | Oil | 15 s 
Oil-DDT Oil-DDT| 7 0 








1 Includes live parasites, dead parasites, and emergence holes. 


agent, the apparent effects were long 
range and were not prevented by the 
inclusion of oil in the initial spray or by its 
subsequent application. This aspect must 
be considered by workers attempting to 
counteract the adverse effects of DDT on 
parasites and predators by the addition 
of an acaricide at the time of DDT 
application. 

In Grove C, DDT was applied as a 
wettable material (1 lb. DDT per 100 
gal.) in oil emulsions for the experimental 
control of snow scale, Chionaspis citri 
Comst. The trees were mainly old seed- 
lings and the trunks and large limbs 
possessed fairly heavy populations of 
snow scale. Therefore, both the wood and 
the foliage were thoroughly sprayed. Two 
sprays were applied; the first one in May 
and the second in July. The treatments 
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which included DDT were not signifi- 
cantly better for snow scale control than 
the straight oil sprays. Although there 
was no noticeable red scale buildup by 
April of the following year, 2 months later, 
in June, the DDT treated trees could be 
easily separated from the oil sprayed ones 
by the presence of heavy red scale popu- 
lations on the former. At that time, scale 
counts showed from 2 to 9 times as many 
scale on the DDT sprayed trees as on 
either the oil sprayed ones or on the un- 
treated checks. No measurable differences 
were found in parasite densities at that 
time and earlier counts had not been 
made. 

In Grove D a wettable DDT was 
applied with an oil emulsion (0.75 to 1.0 
lb. DDT per 100 gal.) and also with 
sulfur (two applications, 0.1 to 0.5 Ib. 
DDT per 100 gal.) in August, 1945. By 
January 1946 there were unusual in- 
creases of red scale on all plots except 
those receiving a straight oil or those with 
DDT as low as 0.1 Ib. DDT per 100 
gallons of spray solution. The highest 
populations were attained on the sulphur- 
DDT sprayed trees. The difference in 
scale density was apparently due to a 
considerable extent to the differential in 
initial kill effected by the oil. In the spring 
of 1946, another series of experimental 
plots was arranged in the same block and 
these were sprayed April 25, 1946. Wet- 
table DDT was included at the rates of 
1 and 2 Ibs. of a 50 per cent material in 
100 gallons of an oil emulsion. Initial 
kills appeared to be slightly better where 
DDT was applied, but the difference was 
not considered to be significant. 

Osburn (1945) reported that the twice- 
stabbed lady beetle, Chilocoris stigma 
Say was killed in considerable numbers 
where DDT was used for the control of 
the little fire ant. Following the DDT 
sprays in Grove D, counts were made for 
dead lady beetles at the base of all trees. 
The results are shown in table 2. DDT 
not only killed more beetles initially, but 
its use resulted in the virtual elimination 
of the species from DDT sprayed trees 
for a period of 6 weeks or longer. The 
beetles continued to be plentiful on both 
the oil sprayed and the unsprayed check 
plots. The parasite counts of Psewdohoma- 
lapoda prima Gir. made in June are also 
shown in table 2. As in Grove B, parasite 
incidence was markedly reduced on the 
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DDT sprayed plots. There, red scale 
populations increased rapidly and were 
worse on the trees receiving the greater 
amounts of DDT. In 10 of the 12 plots it 
was necessary to apply a second oil spray 
in July. By that time, according to random- 
ized leaf counts, red scale populations 
had reached a level which varied between 
5 and 250 scales per leaf. By comparison, 
scale populations on all plots which did 


Table 2.—Effect of different sprays on twice- 
stabbed lady beetles and on Florida red scale 
parasite, Pseudohomalapoda prima Gir. 











Ava. Evt- | Deap 

| DENCES OF | Lavy 

| PARASITES Live | BEetTLes 
| per 100 | Parasites’ Per Cent PER 
|SrpStace| per 100 | or Para- TREE 

| Live Live SITES AFTER 
Scaue! ScALE Deap 


| [4 


Oil 13 
0110.5 lb. DDT 3 
Oil1lb. DDT 5 | 


oa | 
TREATMENT | | 





0.3 3 
7.3 13 
0.6 17 
0.2 | 45 








1 Parasite counts made on June 10, 1946. 
2 Lady beetle counts made on May 7, 1946. 


not receive DDT were reduced almost to 
zero. 

It is of interest to note that on June 26 
when citrus rust mite, Phyllocoptruta 
oleivora Ashm., and citrus mealy bug, 
Pseudococcus citri MecG., counts were 
made that both pests were present in 
significantly higher numbers on the DDT- 
sprayed trees than on the oil sprayed ones 
or on the unsprayed checks. Unfortu- 
nately, citrus red mite counts were not 
made in this block. 

Thus, it may be concluded that the use 
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of DDT on citrus trees in Florida is 
likely to create a situation favorable to 
serious population increases of Florida 
red scale. These increases appear to 
result from the almost complete elimina- 
tion of insects which are parasitic or 
predaceous upon the scale. In addition to 
Florida red scale, significantly higher 
populations of citrus mealy bug, citrus 
rust mite, and citrus red mite have been 
noted on trees receiving DDT applica- 
tions. In view of this situation, it is 
believed by the authors that DDT should 
not be used on the foliage of citrus trees 
in Florida. It appears possible that where 
ant control is necessary DDT may be 
used safely as a dust barrier about the 
bases of young trees or as a spray on the 
large limbs and trunks. In the latter in- 
stance extreme care should be taken to 
minimize the deposition of DDT on the 
foliage of the treated trees. 

SUMMARY AND ConcLusions.—Where 
DDT was used in Florida in 1944, no 
detrimental results were noted. In 1945 
and 1946, there were serious outbreaks of 
Florida red scale following five of the six 
applications. Also higher populations of 
citrus rust mites, citrus mealy bugs, and 
citrus red mites were noted on DDT 
sprayed trees. It is therefore concluded 
that DDT should not be used on citrus 
foliage in Florida. It is suggested that it 
might be used with safety for ant control 
if applied as a dust barrier about the base 
of young trees or if applied only to heavy 
limbs and trunks of more mature trees. 
12-26-46. 
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Effects of Chlorinated Hydrocarbons and Sabadilla 
on Insects and Plants 
R. R. Watton, Oklahoma Agricultural Experiment Station, Stillwater 


Three chlorinated hydrocarbons, DDT, 
benzene hexachloride (CgsH¢Clg) and chlor- 
dane (CyoH¢Cls), and sabadilla were 
compared on six species of insects and on 
four types of plants. The materials were 
used as both sprays and dusts and were 
tested in the laboratory and in the field. 
The work was done in north central Okla- 
homa during 1946. The insect species and 
the plants included in the tests were: 
Squash bug, Anasa tristis (Deq.) Cucurbits 
Spotted cucumber beetle, Diabrotica 

duodecimpunctata (F). Cucurbits 
Striped cucumber beetle, D. vittata (F.) Cucurbits 
Hawthorn lace bug, Corythuca cy- 

doniae (Fitch) 
Chinch bug, Blissus leucopterus (Say) 
Garden webworm, Lozostege similalis 
(Guen.) Alfalfa 


MatTeriaAts AND Metnops.—DDT 
dusts were made by diluting a 50-per cent 
dust! with tale, and DDT sprays were pre- 
pared from a 50 per cent commercial prep- 
aration.?, Dusts containing chlordane* 
(agricultural grade) were prepared by im- 
pregnating a solution of the material in 
acetone on tale. Subsequent mixing and 
storage in cloth sacks resulted in evapora- 
tion of the solvent. Sprays were obtained 
by diluting with water a mixture consist- 
ing of 1 part chlordane, 1 part emulsifier* 
and 2 parts xylene. Dusts and sprays of 
benzene hexachloride were made by using 
a wettable powder® consisting of benzene 
hexachloride (10 per cent gamma isomer) 
50 per cent, and inert ingredients, 50 per 
cent. Thus, in all such mixtures the 
gamma isomer content was 10 per cent of 
the benzene hexachloride content. Tale 
and water were used as diluents in dusts 
and sprays, respectively. Sabadilla dusts 
consisted of varying proportions of tale 
and a 50 per cent sabadilla concentrate.® 

With the exception of tests made on 
the garden webworm, all dusts were ap- 
plied with rotary hand dusters. In the 
tests on garden webworms, a power 
duster’ was used. In spraying tests, sprays 
were applied by means of 3-gallon com- 


Pyracantha 
Sorghums 


1 Gesarol V-D50. 

2 Gesarol AK50. 

3 Velsicol 1068. 

4 Triton X-100. 

* E. I. du Pont de Nemours and Company. 
6 Supplied by John Powell and Co., Ine. 

? Root Model X8. 


pressed-air sprayers except in the case of 
hawthorn lace bug tests in which case they 
were applied with a power sprayer®. In 
laboratory tests made on squash bugs 
and cucumber beetles, insects were placed 
in a quart jar and subjected to 50 milli- 
grams of dust introduced with a bellows- 
type dust gun. The jar was inclined at an 
angle of approximately 45° and rotated a 
fixed numder of times, thus resulting in 
thorough dusting of all insects. The insects 
were removed and jarred on screen wire 
to remove excess dust and were then 
placed in clean containers and supplied 
with squash fruit for food. In field-cage 
tests plants were dusted by the method 
used in field-plot tests after which clean 
insects were confined on them in sleeve- 
type screen wire cages. 

SquasH Bue.—Dusts containing DDT, 
benzene hexachloride, chlordane, and saba- 
dilla were compared in 1946 against the 
squash bug in laboratory, field-cage and 
field-plot tests. Table 1 shows the effects 
of two concentrations of each of these ma- 
terials on adult bugs in a laboratory test. 
Data are based on a minimum of four rep- 
licates of 10 bugs each made during a 
period when the maximum temperature 
was 80° F., the minimum was 70° F., and 
the mean 77.8° F. 

DDT and benzene hexachloride were 
compared with sabadilla in a field-plot 
test that included three varieties of squash 
planted May 2. The data given in Table 
2 show plant development and yield ex- 
pressed as percentages of the sabadilla 
plots which were used as standard checks. 

The same materials and chlordane were 
included in a field-cage test that was repli- 
cated three times. At the end of 120 hours, 
the per cent mortality obtained for each 
material was as follows: DDT 5 per cent, 
95.9; benzene hexachloride 5 per cent, 
84.8; Chlordane 5 per cent, 80.6; sabadilla 
10 per cent, 83.2; tale (check), none. 

A second field-plot test, small in scope, 
was made on sugar pumpkins planted 
July 10. Each material was applied to a 
single plot containing six plants. When 
treatment was begun all plots were uni- 
formly infested with heavy populations 


8 John Bean Model 4-e. 
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Table 1.—Field plot tests on sugar pumpkins. 








AveER- 
AGE 
Pounps 
or 
Fruit 


36.8 


AvER- 
ToTaL AGE 
Ounces No. 
OF OF 
Dust Fruits 


Date OF 


MATERIALS APPLICATIONS 





DDT 5 per ce nt 
Benzene hexa- 
chloride 5 per 
cent Aug. 21, Sept. 17 


Chlordane 5 per 
Aug. 21, Sept. 17 


cent 
Aug. 21, Aug. 25 


Aug. 21, Sept. 17 2 138.8 


38.3 
37.1 


13.7 


12.0 
Sabadilla 5 per 
cent! 

Sabadilla 10 per 
cent 32.3 


Sept. 5, Sept. 17 4 12.2 





! The sabadilla plot received two applications of 5 per cent 
dust followed by two applications of 10 per cent dust. 


of squash bugs and cucumber beetles. 
The 42-day old plants were beginning to 
set fruit and were 6 to 8 feet in diameter. 
The amount of dust used and the yield 
are given in table 1 on a per plant basis. 

In all tests 5 per cent benzene hexa- 
chloride and 10 per cent sabadilla were 
the most rapid in affecting squash bugs 
followed closely by chlordane (Table 2) 
DDT 5 per cent dust was significantly 
slower in action than these materials. 
Under the conditions of the laboratory 
test, decreasing the concentration to 2.5 
per cent did not reduce the effectiveness 
of benzene hexachloride or chlordane ap- 
preciably. However, when DDT and 
sabadilla concentrations were lowered to 
2.5 and 5.0 per cent, respectively, the 
effectiveness was greatly lessened. Data 
obtained in field tests showed that the 
period of protection resulting from the use 
of sabadilla was less than that obtained 
by using the other materials. By Sept- 
ember 13 (Table 3), there were from 5 to 
29 per cent more plants alive in these 
plots than in sabadilla plots. In the ex- 
periment on sugar pumpkins, four appli- 
rations of sabadilla did not give as good 
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protection as that afforded by 2 treat- 
ments of benzene hexachloride, DDT, or 
chlordane. All tests indicated that 5 per 
cent sabadilla dust is not adequate for 
control of squash bugs. Had 10 per cent 
sabadilla been used throughout in field 
tests the protection and yield for these 
plots would no doubt have been better. 
The results are in general agreement with 
those obtained in 1945 tests (Walton 
1946) and indicate that effective control 
can be obtained with 10 per cent sabadilla 
and with & per cent dusts of the other 
materials. 

The data on plant development given 
in table 3 show that all three varieties of 
squash were injured to some extent by 
both DDT and benzene hexachloride. 
The first treatment was made on May 17 
when the plants were only a few days old 
and the data indicate that most of the 
injury resulted from this application. 
This is in general agreement with the 
effects of DDT on Acorn squash reported 
by Bruce & Tauber (1945). Harmful 
effects were generally more pronounced 
in the DDT plots. By July, 25 nearly all 
plots showed partial recovery from stunt- 
ing and retardation of fruiting, and by 
September 13 yields from these compared 
favorably with those of sabadilla plots. 
Yields obtained in the test on sugar 
pumpkins, where fruiting had begun be- 
fore treatment was started, indicate that 
injury was negligible on plants that were 
well past the seedling stage. 

CucumBEeR Beetites.—The four ma- 
terials used in squash bug tests were also 
compared in laboratory and_field-plot 
tests on cucumber beetles. The results 
are given in table 4. Data for the field- 
plot test were taken from sugar pumpkin 
plots from which records were presented 


Table 2.—Per cent knockdown and mortality in a laboratory test on adult squash bugs.’ 








Hours Arter TREATMENT 





6 


48 120 





Knock- 


own 


MATERIALS 


Mor- 
tality 


Knock- 


down 


Mor- 
tality 


Knock- 
down 


Mor- 
tality 





[—) 
i) 


DDT 5 per cent 

DDT 2.5 per cent 

Benzene hexachloride 5 per cent 
Benzehe hexachloride 2.5 per cent 
Sabadilla 10 per cent 

Sabadilla 5 per cent 

Chlordane 5 per cent 

Chlordane 2.5 per cent 

Tale (Check) 


~ 
ooroVsorS 
cotoaonrse 


3.3 
0.0 


88. 9 
65.0 
96.7 
90.0 
100.0 
50.0 
100.0 
100.0 
8.3 


88.9 
65.0 
96.7 


55.0 
20.0 
93.3 
75.0 
84.0 
25.0 
85.7 
75.0 
0.0 


65.0 
30.0 


90.0 
100.0 
50.0 
100.0 
100.0 
0.0 





1 Based on a minimum of 4 replicates of 10 bugs each. 


? Bugs were counted as knocked-down if they were unable to regain their feet when placed on their backs. 
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Table 3.—Plant development and yield ratings obtained in squash plots treated with DDT and ben- 
zene hexachloride when sabadilla-treated plots used as standard checks, were assigned arbitrary 
ratings of 100. 








MATERIALS 





Benzene Hexachloride 








White 
Bush 


DATE AND PLANT 
DEVELOPMENT 


Yellow 
Crook 
Neck 


White 
Bush 


Acorn 








June 20: 
Average Plant Size 
Fruit Set Per Plant 


69.6 
17.5 


93.1 
64.3 


July 25: 
Plants Alive 
Accumulated Yield 


101.2 
57.8 


September 13 
Plants Alive 
Total Yield 


104.0 
73.8 


88.4 
42.6 


111.2 
83.3 


100.6 
82.2 


101.9 
103.8 


102.6 
96 .4 


105.5 
85.9 


123.7 
107.6 


129.1 
106.0 





Miscellaneous Data 


Number replicates =3 
Date of Applications: 
Per cent cone. of DDT and benzene hexachloride 
Per cent conc. of Sabadilla 


Weight of dust received per plant in 4 applications =2.5 ounces. 
Per cent of plants in sabadilla plots alive on: June 20 =89.3 July 25 =85.7 


Number plants per plot = 16 
May 17 June 18 July 4 

5 5 10 
5 5 10 


September 13 =73.1 





in the preceding section on squash bugs. 

Although 5 per cent dusts of benzene 
hexachloride, DDT, and chlordane were 
approximately equal in total killing effects 
certain differences can be noticed in the 
results. Benzene hexachloride caused 100 
per cent knockdown in 15 minutes as 
compared with 1 hour for the two others. 
However, 100 per cent kills were obtained 
in 6.5 and 7.5 hours with the latter ma- 
terials, respectively, while 9 hours were 
required by benzene hexachloride. The 
quick knockdown effects of benzene hexa- 
chloride are shown in the counts of dead 
beetles found in plots. Low counts in DDT 
and chlordane plots, coupled with the fact 
that numerous dead beetles were found in 
vegetation adjacent to these plots, indi- 
‘ated that a high percentage of the poi- 
soned beetles moved from the plots before 
dying. Sweeping records showed effective 
control was obtained with each of the 
three materials during the time from 
August 23 to September 18. While no 
sweeping was done after this time, fruit 
injury data taken on October 30 indicated 
that the protection was excellent through 
the remainder of the growing season. Five 
per cent sabadilla dust was inferior to 
other materials. Sabadilla 10 per cent 
dust was considerably better than the 


lower concentration but was significantly 
less effective than either benzene hexa- 
chloride, DDT, or chlordane. 

On the basis of present information, 
recommendation for the use of DDT and 
benzene hexachloride on the tested varie- 
ties of squash and pumpkin must be made 
with certain reservations. Under Okla- 
homa conditions, cucurbits in the seed- 
ling stage are very often attacked by 
cucumber beetles but seldom are injured 
by squash bugs. Considering this fact and 
also the risk of injury by the insecticides 
it appears that these materials should not 
be recommended for use on young plants. 
It would seem advisable to use cryolite 
or a strong sabadilla concentration to 
control cucumber beetles early in the 
season, switching to one of the chlorin- 
ated hydrocarbons for squash bugs after 
plants begin to fruit, thus securing maxi- 
mum protection from both of these pests. 

Hawtnorn Lace Buc.—During July, 
the previously mentioned materials and 
two other insecticides were applied at 
various concentrations to Pyracantha 
shrubs to control the hawthorn lace bug. 
The shrubs varied in size, averaging sbout 
6 feet tall and 7 to 8 feet in diameter. In- 
festations and injury varied greatly be- 
tween plots, some shrubs suffering little 
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Table 4.—Results of tests on cucumber beetles. 








Laxporatory Test on Diabrotica duodecimpunctata' 





100 Per Cent 
Knockdown? 


Materials 


Time required to obtain— 
100 Per Cent 
Mortality 





DDT 5 per cent 

Benzene hexachloride 5 per cent 
Chlordane 5 per cent 

Sabadilla 5 per cent 


1 hour 
15 minutes 
1 hour 
35.7% in 24 hours 


6.5 hours 
9 hours 
7.5 hours 
54.6% in 42 hours 
0.0% in 42 hours 





Tale 


Beetles 
Per 10 
Sweeps at 
Treatment 
August 218 


Materials 


Frevp-PLotr Test on SuGar Pumpkins INFEstep with A Mixep PoruLaTIon 
or Diabrotica duodecimpunctata anv D. vittata 


Per cent 
Fruits 
Unmarket- 
able Due 
to Beetle 
Injury 





Dead 
Beetles 
Per Sq. Ft. 
Aug. 23 


Per Cent 
Control 
Aug. 23 to 
Sept. 184 


Per Cent 
Reduction 
August 23 





DDT 5 per cent 
Benzene hexachloride 5 per cent 
Chlordane 5 per cent 

Sabadilla 5 and 10 per cent 


16.1 
14.9 
15.3 
16.8 


97.6 
91.9 
94.8 
81.7 


100.0 
98.0 
100.0 
71.4 





1 Based on 4 replicates of approximately 20 beetles each; temperature range 84° F. to 97° F. 
2 Beetles were counted as knock-down if they wer. unable to regain their feet when placed on their backs. 


3 Four series of 10 sweeps were made on each plot. 


4 Based on sweepings made at approximately weekly intervals. 


while damage on others was very con- 
spicuous, both leaves and berries being 
discolored and desiccated. In the latter 
cases, a considerable portion of the foliage 
was shed in late summer. Abnormally 
high temperature and low humidity ap- 
parently acted as a check on the lace bug 
infestation. During August, large num- 
bers of newly hatched nymphs disappear- 
ed in check plots where shrubs were ex- 
posed to the sun. Shrubs that escaped the 
afternoon sun, because of being located 
on the east sides of the buildings, had in- 
festations significantly higher than those 
not thus protected. Furthermore, the 
population on the east side of such exposed 
shrubs was generally greater than that 
on the west side. 

Population records were obtained by 
counting the number of bugs on the outer 
foot of 10 branches selected at random on 
each shrub. Randomization was modified 
in late August by making all counts on the 
east side of the shrubs. Each material 
was applied to three plots, a plot consist- 
ing of a single shrub. All plots were treated 
one time. Sabadilla dust was applied by 
means of a hand duster at a rate of about 
2 ounces of dust per shrub. 

Table 5 shows the effects of the various 
concentraations of the different materials 


on the lace bug populations. No injury to 
the plants by insecticides was observed 
in any plot. Excellent control was ob- 
tained with very low concentrations of 
DDT, benzene hexachloride, and chlor- 
dane. Complete control for a 60-day 
period resulted from the use of the higher 
concentrations of the three materials in 
Test No. 1. At the lower concentrations 
the order of effectiveness was: (1) DDT 
(2) chlordane and (3) benzene hexachlo- 
ride. It will be noted that the gamma iso- 
mer content of the benzene hexachloride 
sprays was only 10 per cent that of the 
concentration of the DDT and the chlor- 
dane sprays with which they were com- 
pared. Sabadilla 10 per cent dust was 
very toxic to the lace bug but the inade- 
quate coverage given resulted in control 
below that of the three materials dis- 
cussed above. In considering the factor of 
coverage, it is probable that if the above 
sprays had been applied with compressed- 
air hand sprayers instead of by a power 
sprayer with high pressure, the control 
would have been less effective. The nico- 
tine sulphate-summer oil and thiocyanate! 


1In cooperation with R. G. Dahms, Assistant Entomologist, 
Bureau of Entomology, and Plant Quarantine and Oklahoma 
Agricultural Experiment Station, and with Frank Davies, 
Associate Agronomist, Oklahoma Agri. Expt. Sta. 
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Table 5.—Results of field tests on the hawthorn lace bug on Pyracantha shrubs. 
AVERAGE Perr Cent AVERAGE 
TEsT? No. or Buas ALIVE ON PER CENT® 
MartTeriAs! No. PER Lims 2np Day INFESTATION 
Before After For 60-Day 
Treatment Treatment Period 
DDT 1.0% 1 18.1 0.0 0.0 
5% 2, 11.6 0.0 0.5 
.12% 3 13.0 0.4 0.3 
06% 4 17.2 0.9 0.4 
Benzene hexachloride 1.0% 1 16.2 0.0 0.0 
5% 2 18.7 0.6 3.7 
12% 3 7.9 0.0 1.5 
06% 4 13.5 5.8 11.4 
Chlordane 1.0% 1 28.7 0.0 0.0 
5% Q 6.6 0.4 0.1 
12% 3 15.5 0.7 0.2 
06% 4 9.4 0.6 2.8 
Sabadilla Dust 10.0% 1 12.1 4.3 11.9 
10.0% 2 16.6 2.1 Py 
Nicotine sulphate plus .10% 
Summer Oil4 25% 1 15.4 1.6 10.9 
Nicotine sulphate 0.5% 
Summer Oil .12% 2 7.0 15.9 33.2 
Nicotine sulphate 025% 
Summer Oil 062% 3 11.4 22.5 25.7 
Nicotine sulphate 05% 
Summer Oil 12% 4 29.6 22.1 38.7 
Laury] thiocyanate® 25% 1 20.9 4.1 25.5 
.12% 2 15.1 22.2 55.3 
062% 3 6.7 13.8 25.8 
12% 4 12.3 36.8 40.1 
Water Only (Check) 1 14.7 92.4 97.1 
2 4.5 83.5 65.7 
: 12.1 113.9 86.2 
+ 16.9 98.7 76.8 





1 All plots were treated once, each shrub receiving approximately 3 gallons of spray or 2 ounces of sabadilla dust. 
* The dates of treatment application for Test Nos. 1, 2, 3, and 4 were July 11, 17, 19, and 20, respectively. 
3 Determined by averaging 4 counts made at intervals of approximately 2 weeks. 


4 Superla summer spray oil. 
5 Loro. 


sprays at their highest concentrations 
gave good initial control but failed to pre- 
vent a subsequent increase in the popula- 
tion. Lower strengths of these materials 
were much less effective. The results of 
using water at a pressure of 250 pounds 
suggests that prolonged spraying with 
water to control the lace bug would not 
be practical. These results indicate that 
effective control of the lace bug can be 
obtained by thoroughly spraying shrubs 
with concentrations of either DDT, 
benzene hexachloride, or chlordane as low 
as 0.12 per cent. 

Cuincn Buas.—Barrier tests with 
sabadilla and DDT on chinch bugs in 
1945 were reported by Walton (1945). 


In June 1946 DDT, benzene hexachloride, 
and sabadilla, in the form of 5 per cent 
dusts, were applied to 18 varieties of grain, 
syrup, and forage sorghums to protect 
against migrating chinch bugs. Beginning 
about June 7 and continuing until June 
16, bugs migrated into the sorghum from 
a barley field bordering the south ends of 
the plots. At the time of first treatment, 
chinch bugs were abundant in the south 
third of each plot and some of the plants 
were already injured beyond recovery. 
Each variety was planted in 4-row plots 
120 feet long and thinned to a hill of three 
or four plants every 28 inches. Three rows 
of each variety were dusted, a different 
insecticide being used on each row, while 
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Table 6.—Plant injury and yields in sorghum 
plots dusted for chinch bug control. 








SABADILLA 





Plants Immature Forage 
Killed, Plants, per 
Per Acre, 
VARIETIES! Je Cent Tons 





Sunrise Kafir j 9.6 5.96 
Sharon Kafir ‘ 6.4 4.04 
Standard Kafir ; 28.9 3.94 





Average é 14.9 4.65 
Average of 
18 varieties 18.6 15.5 





BENZENE HEXACHLORIDE 





Sunrise Kafir 11.1 8.7 6.59 


1 
Sharon Kafir 4.3 14.1 4.93 
Standard Kafir 4.5 


38.5 5.13 . 





Average TA 20.4 5.55 
Average of 


18 varieties ; 16.9 








Sunrise Kafir 
Sharon Kafir 
Standard Kafir 





Average 
Average of 
18 varieties 








Sunrise Kafir 
Sharon Kafir 
Standard Kafir 





Average 
Average of 
18 varieties 39.2 





1 Based on four-row plots 120 feet long. 


the fourth row was left untreated as a 
check. The dusts were deposited on and 
about the base of the plants using a mini- 
mum of air-blast, resulting in “sprin- 
kling”’ rather than true dusting. Plots were 
treated twice, June 11 and 14, at approxi- 
mately 20 pounds per acre. At this time, 
the plants were 4 to 8 inches tall. 

The summarized data showing chinch 
bug injury are given in table 6. Due to 
experimental procedure necessary to carry 
out agronomic tests, for which the varie- 
ties were planted, forage weights for all 
treatments were obtained only for the 
three kafir varieties shown. It can be 
noted that, compared with the average 
of all 18 varieties, chinch bug injury to 
Sunrise and Sharon was low while damage 
to Standard was generally typical of the 
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entire group. Benzene hexachloride gave 
the most effective protection. The average 
per cent of plants killed for the 18 varie- 
ties was: benzene hexachloride, 12.1; 
DDT, 18.3; sabadilla, 18.6; and untreated 
check 39.2. The only insecticidal injury 
observed was slight burning in benzene 
hexachloride plots. 

GARDEN Wesworm.'—In July, barrier 
and dusting tests were made against the 
late larval instars of the garden webworm 
in alfalfa. 

The materials used in making barriers 
were: DDT, 10 and 50 per cent; benzene 
hexachloride, 10 and 100 per cent; saba- 
dilla, 10 and 50 per cent; and creosote. 
Barriers 0.75 inch wide were constructed 
on tamped soil in the form of small rings. 
Approximately 30 worms were collected 
and placed in each ring. All worms crossed 
the barriers in 3 to 5 minutes, after which 
they were placed in clean containers and 
given fresh food. Counts of dead and 
living worms were made at the end of 31 
hours. 

In the dusting test, 5 per cent DDT, 5 
per cent benzene hexachloride, 10 per 
cent sabadilla, and 5 per cent chlordane 
were compared with calcium arsenate. 
The dusts were applied at approximately 
20 pounds per acre. Fourteen hours after 
treatment, worms were collected from 
each plot and supplied with food for an 
additional 28 hours. At the end of this 
period, counts of living and dead worms 
were made. 

At the concentrations used most of the 
materials were ineffective in both tests. 
In the barrier test, the best results were 
obtained with chlordane, 5 per cent dust, 
and 50 per cent DDT, being 36.8 and 
39.1 per cent control respectively. The 
per cent of control in dusted plots was as 
follows: DDT, 36.8; chlordane, 21.1; 
sabadilla, 20.9; benzene hexachloride, 
10.5; and calcium arsenate, 9.2. The most 
promising material appeared to be chlor- 
dane particularly since it was tested at 
only a relatively low strength (5 per cent 
dust). It should be tested at higher con- 
centrations. 

SummMary.—DDT, benzene hexachlo- 
ride, chlordane and sabadilla were tested 
against six species of insects and on four 
types of plants. Each of these was initially 
effective against the squash bug and the 


1 In cooperation with R. G. Dahms, Assistant Entomologist, 
Bureau of Entomology and Plant Quarantine and Oklahoma 
Agricultural Experiment Station. 
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hawthorn lace bug but the first three ma- 
terials gave longer periods of protection 
than did sabadilla. The three chlorinated 
hydrocarbons were significantly more 
toxic to cucumber beetles than was saba- 
dilla. Two applications of 5 per cent dusts 
of DDT, benzene hexachloride, and saba- 
dilla controlled chinch bugs migrating 
into plots of young sorghums, with the 
first two materials giving better protec- 
tion. None of the four insecticides was 
effective against the garden webworm in 
dusting and barrier tests. 
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Sorghum, alfalfa and Pyracantha shrubs 
sustained no important injury from being 
treated with either of the materials. 
White bush, Yellow Crook-neck, and 
Acorn varieties of squash were seriously 
retarded in development when treated at 
an early age with DDT and benzene hexa- 
chloride. Marked recovery was made by 
these plants during the remainder of the 
season. No injury to sugar pumpkins ap- 
peared in a test including all four ma- 
terials in which dusting was begun when 
the plants were 42 days old. 
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European Corn Borer Control on Canning Corn! 
G. C. Decker, J. W. Appx, J. M. Wricut,’? and H. B. Perry 


Years of entomological endeavor have 
gone into the study of corn borer control 
on early market garden sweet corn by the 
use of insecticides. Protecting very early 
plantings of market garden corn from the 
first brood borer has become an accepted 
practice in many areas but the market 
grower is less apt to use insecticides to 
control second brood corn borers because 
the returns from the late crop are greatly 
reduced. The sweet corn canner is in a 
different position. His spring plantings 
are normally delayed until good growing 
conditions are assured and he uses sweet 
corn varieties of longer maturity than the 
market grower. These two factors de- 
crease the possibility of having a serious 
first brood infestation. Once planting is 
started in May, successive plantings are 
made almost daily until late June. In 
Illinois, at least, these June plantings of 
canning corn are most attractive to sec- 
ond brood moths migrating from neigh- 
boring field corn which has become too 
mature to attract much egg laying. There- 
fore, the canner experiences moderate to 
heavy corn borer infestations in the prin- 
cipal part of his crop. Seldom are these 
second generation infestations as intense 
as those occurring on early market corn; 
nevertheless, any population over 3 to 4 


1 Richmond Program Paper. 

2 Entomologist, Il]. Natural History Survey & Il]. Agr. Expt. 
Sta.; Field Entomologist, Illinois Nat. Hist. Survey; and As- 
sistant Entomologist, fh. Nat. Hist. Survey, and Ext. Entomolo- 
gist, Ill. Nat. Hist. Survey, respectively. 


borers per plant is hazardous to the can- 
ner because of the danger of contaminat- 
ing the canned product. 

To a limited extent, sweet corn canners 
have accepted and followed recommenda- 
tions based upon studies involving the use 
of insecticides applied on market garden 
corn with ground dusting and spraying 
equipment. Because of the large acreages 
involved, however, ground equipment is 
not very popular with canners who tend 
to favor aerial dispersion of insecticides. 
To meet the demand for information, 
experiments were conducted in Illinois 
during 1945 and 1946 to determine the 
value of aerial applications of insecticides 
for corn borer control on canning corn. 
Some of the 1946 comparisons were made 
with a row crop duster mounted on a 
detasseling rig. 

1945 'Tests.—The 1945 experiments in 
aerial dusting and spraying were con- 
ducted at Rochelle, Illinois, on corn grown 
by the California Packing Corporation. 
The borer population in north central 
Illinois was the highest to be found any- 
where in the midwestern corn belt and 
afforded ample opportunities for studying 
this new approach to borer control. 

Biplanes were used for distributing 
both dusts and sprays on strip plots 16 
rows wide. Flight lines were 48 rows apart, 
allowing for buffered check plots between 
each of the treated plots. Tests were made 
only on second brood borer. This brood 
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Table 1.—Evaluation of insecticidal treatments for corn borer control on canning corn, Rochelle, 


Illinois, 1945. 








Per Cent 
INCREASE 


Per Cent Repuction 





Borers /PLANT 
r in r 
Check | Treated Plant | Stalks Par 





RATE PER 


ForMULATION AcRE 


Borers 


Cat 
Kerne] 
Yield 


Tip Side 
Damage} Damage 
to Ears | to Ears 


Borers | Borers 
Gross 


Yield 





0.67 lb. DDT /gal. Velsi- 
sicol AR 60-Superla 13 2.25 gal. 20.9 
5% DDT dust 40 Ib. 12.6 
5% DDT dust 20 Ib. 20.7 








89 98 70 59 70 17 32 
80 | 96 66 43 89 17 22 





85 91 58 44 71 18 28 





Differences between treatments not significant. 


was late in 1945 and the first treatments 
were not applied until September 2. Addi- 
tional applications were made September 
10 and 18. All tests were run in duplicate. 

In taking the results at harvest time 
emphasis was placed on evaluating the 
degree of protection afforded to the ears. 
One hundred ears (4 lots of 25 each) were 
taken from each test plot and the extent 
and location of injuries as well as the 
number of borers in husks, silks and ker- 
nels was recorded for each ear. Ten plants 
in each plot were dissected to determine 
the degree of infestation. A summariza- 
tion of the results obtained in the most 
comprehensive field test is presented in 
Table 1. 

The data show that spraying and dust- 
ing were about equally effective and that 
the reductions in the borer population 
were within the range one might expect 
from the use of ground equipment. A 
study of the location of surviving borers 
is quite revealing. Apparently all treat- 
ments gave almost complete control of 
the borers in the main stalk but borers in 
the ears were less easily controlled. It also 
appears that borers that go through the 
husk and enter the side of the ear are 
much more easily controlled than those 


entering the tip of the ear through the 
sik channel. Perhaps this factor more 
than any other will make the treat- 
ment of canning corn practical and 
economical. While we would like to elim- 
inate all types of damage, tip damage is 
not too serious because it can be detected 
and trimmed easily. Side damage on the 
ear is much more serious because trim- 
ming removes considerable valuable corn 
and also because borers in the side of the 
ears are much more likely to escape detec- 
tion. 

A computation of yields per acre 
showed gains of 17 and 18 per cent, or 
about 3 ton per acre. Also the corn from 
the various plots was followed through all 
the steps prior to actual canning and ac- 
curate records were obtained on the 
amounts of cut corn made available by 
the various treatments. Cut corn yields 
from the treated and untreated plots 
provided data for computing the per cent 
increase in cut kernel yield as shown in 
Table 1. These increases may seem rather 
large at first glance, but one must not 
overlook the many factors contributing 
to this gain. By reducing the number of 
borers in the plant, more of the ears reach 
maturity, individual ear weight is in- 


Table 2.—Control of second generation corn borer on canning corn with 5 per cent DDT at 25 pounds 


per acre, Rochelle, Illinois, 1946. 








Borers/100 PLANnts 


Per CENT CONTROL 
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NUMBER OF 
APPLICA- 
TIONS 


PLANTING 
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Field 
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Field 
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Strip 


Strip 
Check 
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87 
130 
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1 This one farm was sprayed with DDT oil concentrate. 
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creased, and finally, there will be less 
trimming of the ears because of the reduc- 
tion in tip and side damage. 

When treated corn (20 per cent tip 
damaged and 5 per cent side damaged) 
and untreated corn (33 per cent tip dam- 
aged and 25 per cent side damaged) from 
the same field was simultaneously run 
on the two sorting belts in the factory, it 
was found that 5 men could easily handle 
all of the trimming required on the treated 
corn but 20 trimmers working on the un- 
treated corn could not keep up with the 
work and the belt had to be stopped at 
intervals. This demonstrated that while 
the per cent reduction in side and tip 
injuries were not all we might hope for, 
the reductions obtained (approximately 
70 and 45 per cent respectively) did per- 
mit the factory to continue to operate 
efficiently and at a great saving in labor 
costs. 

These findings in 1945 established the 
sound economics of borer control on 
canning corn in a region having a high 
population level. The sweet corn canners 
of Illinois were favorably impressed with 
the 1945 results and gave us wholehearted 
encouragement and financial support to 
continue the investigation in 1946. 

1946 Tests.—The airplane experiments 
in 1946 also were conducted at Rochelle, 
Illinois, on commercial fields of yellow 
sweet corn. Dusts were applied with a 
Cub plane on plots 25 feet or 8 rows wide. 
Intervening checks were 6 rows wide with 
5 row buffers on each side. Aerial applica- 
tions of concentrate sprays were made 
with a biplane equipped with a gravity 
feed boom under the full length of the 
lower wing. Spray plots were 50 feet or 
16 rows wide. 

The results from our tests against the 
first brood corn borer in 1946 are of little 
or no value because of extremely low borer 
populations in untreated as well as treated 
plots. For this reason, only second brood 
results are being presented, even though 
several of the evaluations were made 
against both broods. 

In the course of routine inspection of 
our experimental plots near the end of the 
treatment schedule, we became aware of 
the fact that the differences between borer 
populations in treated and untreated 
plots would be smaller than we had antic- 
ipated. We suspected this to be due to an 
abnormal reduction of borers in our check 


2400-4 Second Brood Borer Recovery in Relation to Planting Dates 
ot Yellow Sweet Corn 
2200-4 


2000-4 (1) Isoloted Undusted Fields 
18004 (@) Contaminated Undusted Piots 
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CORN BORERS PER 100 PLANTS 


200: 


° 








21 26 
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Fia. 1.—Second brood corn borer populations found 
in undusted fields, contaminated check plots and 
dusted fields at Rochelle, [linois, 1946. 


strips and possible adult fatalities result- 
ing from dust drift across the field. In 
order to determine how great this error 
might be in our experimental fields, it was 
necessary to survey the community and 
determine what borer populations were 
present in fields which were not dusted or 
exposed to drift from treated fields. A 
series of examinations in fields of the same 
corn variety and of the same planting 
dates as the experimental fields revealed 
that the normal population in these un- 
treated fields was 3 to 5 times greater than 
we were measuring in our experimental 
check plots. These findings are shown in 
figure 1 along with borer populations 
found in plots treated with 5 per cent 
DDT and adjacent check strips. In the 
results of the following airplane experi- 
ments, two figures are shown in the per 
cent control column; the strip check con- 
trol is that determined from our contam- 
inated check plots while field check con- 
trol is based on the borer populations 
found in undusted fields of the same plant- 
ing date. 

The practical value of corn borer con- 
trol on canning corn was determined in 
1946 by the treatment of 20 to 100 acre 
fields with 5 per cent DDT at the rate of 
25 lbs. per acre. The number of applica- 
tions varied with the maturity of each 
field (Table 2). Twenty rows were left 
on one side of each field to serve as a 
check on the normal population. Even 
though eighteen additional rows were 
used as a buffer, an unexpected amount 
of contamination occurred from drifting 
dust. The results based on plant dissec- 
tions at harvest time are given in Table 2. 
Appreciable borer reductions occurred in 
the treated portion of the fields as com- 
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Table 3.—A comparison of corn borer insecticides applied by airplane, Rochelle, Illinois, 1946. 


















































| Per Cent ContTro.i 
BasED ON 
Per Cent : - 
| Rate rer (|Borers/100} Crean | Borers/100 Strip Field 
MATERIALS ACRE Ears Ears PLANTS Check Check 
8 oz. DDT/gal. Velsicol | | | 
AR-60 plus Superla 13 | 
oil | 1.6 gals. 45 97 137 64 91 
40% Ryania | 40 Ibs. 67 99 150 61 90 
10% DDT | 12.5 lbs. 65 94 200 48 87 
8% DDT 40 lbs. 81 92 | 220 43 86 
5% DDT | 25 Ibs. 92 97 237 38 85 
1% Rotenone | 40 Ibs. 130 89 362 21 77 
Untreated plots _— 139 87 384 — — 
Untreated fields - | 400 55 | 1550 - | = 





pared with the untreated border strips. 
However, the full magnitude of the good 
attained is brought out in a comparison of 
the population in the treated fields with 
that found in the untreated fields of the 
community (Field checks). 

During both 1945 and 1946, the maxi- 
mum borer population found in late sweet 
corn in the vicinity of Rochelle, Illinois, 
was about 20 borers per plant. During 
both years the use of insecticides in such 
fields reduced the population to 2-3 
borers per plant. 

DDT is gaining popularity as a corn 
borer insecticide largely because of its 
low price. Two other insecticides, rote- 
none and Ryania, have been giving com- 
parable control of the borer in the last 
three years but their present price is not 
favorable for large scale usage. Aerial 
applications of these three toxicants was 
deemed worth while to determine whether 
their effectiveness was as good as demon- 
strated in frequent ground experiments. 
Three concentrations of DDT dust were 
included in this comparison and their 
rates of application were adjusted to give 
approximately the same amount of actual 
DDT per acre (1.2 to 1.25 Ibs.). One 
concentrate spray of DDT in oil solution 
was compared with the five dusts because 
of its fine performance in the 1945 tests. 
Four applications were made between 
August 13 and 30. Results taken at har- 
vest, September 13, are shown in Table 3. 

One per cent rotenone dust was the 
least effective of the six treatments. An 
eight day delay between the first and 
second applications might have been 
partly responsible for this poor showing 
since rotenone residues are known to be 
very ineffective after the third or fourth 
day of application. This is one more 


reason why the canner is not likely to use 
rotenone because he would like to place 
his applications on a weekly basis instead 
of the 5 day schedule as suggested for 
rotenone on market sweet corn. 

DDT in oil solution gave very promis- 
ing results. This particular formulation 
caused a slight burning on rather mature 
corn during second brood and somewhat 
more injury to small corn in June. How- 
ever, yields from this early corn did not 
indicate any loss resulting from such 
injury. 

Aerial applications of Ryania proved 
to be very successful. Slight interruptions 
in our planned 5 day schedule of applica- 
tions did not seem to impair its efficiency. 
DDT at 1.2 to 1.25 pounds per acre in 
dust form, gave similar results whether 
applied in a 3, 5 or 10 per cent concen- 
tration. 

Several new insecticides were tested in 
the field in 1946 but none showed promise 
in replacing DDT or Ryania. Toxaphene 
gave fair control but Rothane, a chlori- 
nated hydrocarbon and benzene hexa- 


Table 4.—Relative effectiveness of single 
applications of DDT on second brood corn borer, 
Rochelle, Illinois. 
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1945 1946 
| Perr 
Per Cent | CENT 
ConTROL | ConTROL 
IN Ears |IN PLANTS 
APPLICATION | 
FROM DDT 5% DDT | 5% DDT 
NorMAL in Oil Dust Dust 
SCHEDULE Solution | 40#/Acre | 25#/Acre 
First 49 | 50 | 37 
Second 33 29 34 
Third ce aoe s 
Fourth Not applied 5 
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Table 5.—Plant height and yield records from sweet corn dusted with various insecticides, Rochelle, 


Illinois, 1946. 





























May 28 JUNE 8 JUNE 28 
RATE OF PLANTING PLANTING PLANTING 
| APPLICA- 
TION Per Cent | Weight Per Cent Weight | Per Cent Weight 
Per Acre,| Gain in of 100 Gain in of 100 Gain in of 100 
Dust Ls. Height! Ears! Height! Ears! Height! Ears! 
5% DDT 50 81.2 74.8 lb. 128.4 63.0 lb. 443.7 61.6 Ib. 
5% DDT 25 89.0 74.7 130.2 60.9 529.7 62.3 
40% Ryania 33 82.3 72.7 138.4 60.7 455 .2 63.1 
1% gamma-ben- 
zene hexachloride 26 82.4 71.0 134.1 60.2 503.4 60.6 
Untreated —_ 85.7 71.8 134.4 62.5 490 .2 62.5 














1 Statistical analysis of heights and weights failed to indicate any significant difference between treatments. 


chloride were definitely inferior and 
methoxy DDT was practically worthless. 
The relative value of each treatment in 
a series of applications for corn borer 
control was determined in both 1945 and 
1946. DDT in oil solution and as a dust 
was applied by plane in making these 
evaluations. Results are given in Table 
4. These data show that the early appli- 
cations are by far the most important 
in reducing second generation corn borers 
on canning corn. Inadequate protection 
early in the egg hatching period permits 
a large proportion of the borers to become 
established on the relatively mature corn. 
Errect oF InsecticipaAL Dusts oN 
THE DEVELOPMENT OF SWEET CoRN.— 
To determine whether certain insecticidal 
dusts have any deterrent or stimulating 
effects on sweet corn grown for canning, 
it was necessary to conduct the tests 
during July on corn that was not being 
attacked by the borer. Yields and plant 
growth measurements «an be taken in a 
normal corn borer evalu:tion of insecti- 
cides but the borer reduction itself can 
markedly influence plant behavior and 
one cannot separate gains from borer 
control from direct effect caused by the 
insecticide. Two of the insecticides used, 
DDT and benzene hexachloride, were 
included to determine whether they might 
reduce growth and yields. Ryania was 
tested because of its reported ability to 
make corn grow more vigorously. 
Comparable tests were made on yellow 
sweet corn of three planting dates. The 
oldest corn, planted May 28, was about 
43 inches tall and in midwhorl stage when 
dust applications started July 12. The 
second test was on corn planted June 8 
which was 32 inches in height at the 
beginning of treatments. The third test 


was on the youngest corn available which 
was planted June 28. This corn was only 
10 inches in height when dusting began 
on July 12. All three tests were dusted 
on July 12, 17, 22, 26 and the young 
June 28 corn received two additional 
applications, August 1 and 7. 

Each test was laid out with large buf- 
fers between treated plots to reduce con- 
tamination by drift. Four replicates 
within a test provided sufficient data for 
using statistical methods to determine 
differences in response. Dusts were ap- 
plied with a rotary crank duster in order 
to give complete dust coverage and enable 
us to determine more accurately the 
amount of dust applied. 

Weekly plant height measurements 
were made on given plants in each plot. 
Final height records were made in mid- 
August. The figures for per cent gain in 
height shown in Table 5 are based on the 
growth attained at the time of the last 
measurement as compared to heights at 
the beginning of the test, July 12. Harvest 
records were made as each planting 
reached canning maturity. These records 
are shown in Table 5 as weights per 100 
ears. 

These data fail to show any evidence 
of either injury or stimulation when 
compared to like measurements from 
untreated corn. Differences between 
treatments were not great enough to be 
significant when put to a statistical test. 
The results from using 5% DDT at the 
overdosed rate of 50 lbs. per acre indicate 
a wide safety margin in normal commer- 
cial applications of DDT to canning type 
sweet corn. 

DDT ResinvE Strupies.—With the use 
of DDT ready for acceptance by the 
canners, data on the plant residues that 
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Table 6.—Residue comparisons of DDT ap- 
plied by three methods on sweet corn. 

















DDT ResipvgEs 
EXPRESSED IN P.P.M. 
Mertnop Leaves Husks | Kernels 

OF (By Geigy (By American 

APPICATION Co.) Can Co.) 
Oil solution 117.3 2.1 0.08 

Water 

emulsion 33.2 1.2 0.04 
5% dust 14.9 0.3 0.07 








might be encountered were badly needed. 
Therefore, with the generous assistance of 
able chemists,!| DDT residues were de- 
termined on certain of our experimental 
plots. 

The first study on this problem was to 
ascertain the DDT residue remaining on 
plants after a complete schedule of four 
applications of 5% DDT at 25 lbs. per 
acre. Beginning with the day of last 
application, fifty leaves were gathered at 
ear height on the stalk, weighed, and then 
allowed to dry pending subsequent analy- 
sis. Additional samples were gathered 
from the same plot at frequent intervals. 
The final sample was taken 27 days after 
the last dusting or 10 days after harvest. 
The DDT residues found on the foliage at 
0, 6, 14, 17, 21, and 27 days after the last 
application of dust were 71, 40, 8, 15, 20, 
and 22 p.p.m. respectively. Precipitation 
during the 27-day period totaled 2 inches. 

Another set of samples was taken to 
show the DDT residue on various plant 
parts. Entire plants from the same 5 
per cent DDT dust plot were gathered 
21 days after the last of four applications. 
Chemical analysis showed that corn 
foliage carried the largest proportionate 
amount of DDT, 19.7 p.p.m. Stalks had 
a much lower residue, 3.2 p.p.m. because 
of their inherent weight. Husks showed a 
residue of 2.9 p.p.m. The DDT deposit 
on the outside husks was no doubt similar 
to that on the foliage but with most of the 
husk tissue overlapped and protected, the 
overall residue was not great. No DDT 
was found on husked ears or in another 
sample consisting of kernels cut from the 
cob. 

Residues found on plants treated with 
DDT in various forms proved to be very 
enlightening. With all three forms of 

1 The writers are indebted to a R. W. Pilcher of ihe Ameri- 
can Can Company and Dr. E. L. Bailes of Geigy Co., Inc. who 


made the tecilities of their doer availab ble and made the 
analyses reported in this paper. 
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DDT application, oil solution, water 
emulsion, and 5 per cent dust, the amount 
of actual DDT applied per acre approxi- 
mated one pound. The analyses obtained 
on plant samples collected 20 days after 
the last of four applications are shown in 
Table 6. 

In the plots treated with DDT oil 
spray the DDT residues on leaves and 
husks were 7 to 8 times greater than those 
found on dusted plots. This fact helps to 
explain the high degree of borer control 
attained with DDT in oil. DDT applied 
in a water emulsion was less tenacious 
than when applied in oil solution, but 
still longer lasting than in a dust. Regard- 
less of the type of dispersal, very little 
residue was found on kernels themselves. 
This is reassuring from the standpoint of 
contamination in the canned product but 
the high residue on the foliage resulting 
from the use of an oil concentrate may 
have an important bearing on feeding 
crop remnants to cattle. 

SumMMARY.—Data were presented from 
tests conducted in 1945 and 1946 which 
establish the feasibility of second brood 
corn borer control on canning corn with 
insecticides in a region of high borer 
population. Borer reduction by the use of 
insecticides results in increased yields, 
reduced labor requirements in the factory, 
and affords label protection by reducing 
the hazard of borer contamination in the 
canned product. 

Ryania dust and DDT in oil solution 
and as a dust were shown to be suitable 
insecticides for use in large scale airplane 
applications where delays in timing are 
not uncommon. The early applications in 
a three or four treatment schedule were 
found to be the most important. 

In the absence of a borer infestation 
DDT, benzene hexachloride and Ryania 
did not injure or stimulate the growth of 
the corn. 

DDT residues on corn foliage appar- 
ently weather rather rapidly at first and 
more slowly thereafter. Residues were 
greatest on the foliage and practically 
nonexistent on the kernels. DDT applied 
in an oil solution was found to leave much 
higher residues than when applied as a 
water emulsion or as a dust. The chances 
of contaminating the canned product with 
DDT are very remote. Residues on other 
plant parts are such that they may have 
some bearing on the feeding of crop 
remnants to cattle. 
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Insecticides to Control the European Corn Borer 
in Field Corn! 


J. H. Biacrr, G. C. Decker, J. M. Wricut, and H.B. Perry? 


The application of insecticides to 
sweet corn has received considerable at- 
tention, but the use of such materials on 
field corn has generally been considered 
impractical. Field corn producers in Illi- 
nois have been compelled to rely upon 
delayed planting to escape damage by 
first generation corn borers. All too often 
a safe planting date arrived during periods 
of rainy weather which further delayed 
planting with the inevitable result that 
losses were incurred due to reduced yields 
and increased proportions of immature 
corn. 

In Illinois alone, approximately 100,000 
acres of farm land are devoted to the 
production of hybrid seed corn. The seed 
corn producers in particular require the 
full season for the production of a quality 
product. They feel that the elimination of 
crop losses due to delayed planting and 
the cost of removing excess moisture from 
late corn would more than pay for the 
cost of insecticide applications and pay 
dividends on early plantings. 

The problem of the field corn producer 
differs from that of the market gardener, 
who strives for 100 per cent borer free 
ears. The hybrid seed producer and field 
corn grower want insurance against dis- 
astrous losses and maximum protection 
at a minimum cost. A reduction in the 
amount of stalk breakage and number of 
dropped ears plus the improvement of 

1 Richmond Program Paper. 
2 Associate Entomologist, Entomologist, Assistant Entomolo- 


gist of the Illinois Nat. Hist. Survey, Extension Entomologist, 
ll. Nat. Hist. Survey. 


quality in their crop are the aims of these 
men. 

History or Prosect.—On June 20, 
1945, the authors located a hybrid nursery 
on the Lowe farms at Aroma Park which 
was threatened with a serious borer in- 
festation. The owner graciously made 
this field available for use in insecticide 
testing experiments. 

The very favorable results obtained on 
these plots (Table 1) were reported to 
seed producers, who became enthusiastic 
and prepared to set up extensive control 
projects in 1946. They were dissuaded 
from going to extremes and induced to 
proceed on a sound experimental basis. 
Ultimately the Natural History Survey 
developed a cooperative project with 
several growers* in which over 12,000 
acres of seed production fields were 
treated with insecticides on an experimen- 
tal or semi-commercial basis in 1946, The 
results obtained are the basis for the 
present report. 

Pian or Prosect.—The plots used 
during 1945 consisted of four blocks of 
single crosses 10 rows wide and 150 hills 
long. These were dusted with a 12-outlet 
power duster (Fig. 1). About 75 per 
cent of the area was used for testing 
different insecticides and the remainder 
for investigations on the timing of opera- 
tions. Applications were made on June 
26, July 2, July 7, and July 12. Materials 

3 DeKalb Agricultural Association, Inc., Moews Seed Com- 
»any, Lazier Seed Company, Pfister Hybrid Corn Company, 


we Seed Company, Arthur Walter Seed Company, and Black 
and Abbott Farms. 


Table 1.—Summary table showing results of insecticide treatments at Aroma Park in 1945. 



































PER Per CENT 

Borers | CENT INCREASE 
Corn PER 100 | Con- NET OvER 
Hysrip TREATMENT | PLANTS | TROL YIELD CHECK 
M14XR2 Rotenone 1% pa? See 43.2 114.9 
K171X940 Rotenone 1% Ss } 128.8 53.2 
38-11 X WF9 DDT 3% BL 155, 1.24% | 67 | 80 100.8 82.3 
38-11 WF9 DDT 3% nicotine dry cone. 1.24% $2 | 91 | 102.1 85.6 
CC10X L317E Ryania 30% 120 | 66 88.3 77.0 
CC10XL317E Ryania 50% = | wo 79.6 72.8 
WF9X M14 DDT 3% | 92 } 77 53.9 84.6 
WF9X M14 DDT 5% | 50 | 87 64.6 39.8 

| si9 | — | 51.3 on 


| Average of checks 
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Table 2.—Summary of results obtained when 
time and number of applications were varied in 
an attempt to determine the most efficient use of 
5% DDT dust. Percentage of larval control 
obtained during 1945 and 1946. 








Aroma Park— WatTERMAN— 
1945 1946 
Grounp Dustine | PLANE DustING 
40 Ls. 25 Lss. 

PER ACRE PER ACRE 





Borers Borers 

APPLICA- per Per per Per 
TION 100 Cent 100 Cent 

Numser! | Plants | Control} Plants | Control 





575 18.3 70 16.3 
_ — 82 5 
. 465 58.1 94 9.8 
— _ 40 55.5 
, 520 65.4 21 81.5 
,2,3 305 82.0 19 81.1 
3,4 380 86.8 


, , 





Average 
of checks 449 -- 89.3 

















1 Indicates number and timing of applications. 


used were DDT,‘ rotenone, Ryania, and 
combinations of DDT and _ nicotine. 
Check areas were left in conjunction with 
each treatment. Treatments were applied 
by Mr. J. W. Apple and all subsequent 
data were taken by other members of the 
Natural History Survey staff. 

The 1946 program was planned to 
increase our knowledge along the follow- 
ing lines: (1) amount and type of material 
to use; (2) method of application; (3) time 
of application; (4) number of treatments 
for economical production; (5) practica- 
bility on a commercial basis. 

Practically all dust treatments con- 
sisted of combinations of DDT in pyro- 
phyllite. The dust was obtained from 
various sources. For spraying, the emulsi- 
fiable concentrates were obtained from 
two sources, namely: concentrate A from 
Geigy Co., Inc., and B from the U. S. 
Rubber Co. 

PRELIMINARY StupiEs.—Naturally the 
use of insecticides will not show a high 
net return unless the borer population is 
high enough to be a factor in production. 
Therefore, where insecticide treatments 
are contemplated, a two-fold decision 
must be made, namely: (1) what fields to 
treat and (2) when to make the applica- 
tions. No exact criteria are available upon 
which to make such decisions; and so the 
grower must take into consideration 


4 Dichloro-dipheny]-trichloroethane. 
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population levels, the percentage of pupa- 
tion and emergence, the rate of oviposi- 
tion, and the size of the corn involved. As 
much as possible of this information was 
supplied to seed producers in the form of 
reports on the results of fall and spring 
surveys of abundance, and continuous 
studies of pupation, emergence, and ovi- 
position trends made by the Survey ento- 
mologists and their cooperating agents. 

Timine Appiications.—Moths began 
to emerge about June 1 and eggs were first 
observed on June 10. By June 15 it was 
evident that treatments should start 
within a week. On the evening of June 18, 
heavy rains and wind destroyed a very 
high percentage of eggs deposited up to 
that time. Subsequent moderate egg depo- 
sition continued up to June 25, and light 
oviposition occurred as late as July 9. 

Basing their judgment upon a study of 
population and life history records, the 
entomologists decided that June 20-21 
Was an appropriate time to start treat- 
ment operations on the largest corn. At 
that time (Table 8) there were approxi- 
mately 100 egg masses per hundred plants 
and approximately 15 per cent of these 
were in the blackhead stage. Pupation was 
complete and emergence had reached 50 
per cent. 

The following theoretical dusting sched- 
ule was established: Treatment number 
(1) June 20-21, (2) June 25-26, (3) June 
30—July 1, and (4) July 5-6. Only the first 
generation of borers was considered in this 
project. 

MeasurinG Resutts.—In late July, 
when about 50 per cent of the larvae 
present were in the fifth instar, 5 plants at 
each of 4 places in each treated and un- 
treated plot were dissected and the per 
cent of infestation was determined by 
carefully examining 25 plants at each 
point. From these records, population 
levels were established. 

At harvest time, 4 random samples con- 
sisting of the corn from 20 3-plant hills 
were husked. These samples were sorted 
to eliminate ears which the seed companies 
would ordinarily discard prior to drying, 
and the original and discard weights ob- 
tained. The net product was dried, shelled 
and tested for moisture to obtain requisite 
data for computing yields. Net yields of 
bushels per acre at 15.5 per cent moisture 
are shown in the accompanying tables. 

Discussion.—Timing: Attempts to 





 @-2 st Fe ww et OO emlUwthlUClCM, lle le 


ee allt san ia nd oe ns ed 








June 1947 


BIGGER ET AL.: EUROPEAN CorN Borer ON FIELD Corn 


403 


Table 3.—Relation of amount of actual DDT applied and concentration of material in applications 


to control of the borer and resulting net yields. 


























Per Cent INCREASE 
Las. PER AcrE OF |DDT1n Py-| Per Cent NET OVER 
LocaTION Toxic INGREDIENT ROPHYLITE CoNTROL YIELD CHECK 
Aroma Park Lowe DDT 1.0 3.0 74.01 
DDT 1.0 5.0 74.3 
DDT 1.0 10.0 43.7 
DDT 1.5 3.0 63.6 
DDT 1.5 5.0 82.0 
DDT 1.5 10.0 71.9 
Ryania 1.6 40.0 98.2 
Rotenone .4 1.0 80.3 
Rochelle Lazier DDT -75 3.0 63.8? 98 . 53 
DDT 15 5.0 77.8 108.1 
DDT 1.0 3.0 46.9 100.7 
DDT 1.0 5.0 64.0 107.7 
DDT 1.5 3.0 83.7 97.3 
DDT ze 5.0 89.4 109.7 
Granville Moews DDT 75 3.0 80.44 102.25 23.9% 
DDT 75 5.0 85.4 94.3 18.4 
DDT 1.0 3.0 85.9 96.8 17.3 
DDT 1.0 5.0 88.2 98.9 24.1 
DDT 1.5 3.0 92.7 96.1 20.6 
| DDT 1.5 5.0 97.4 96.3 | 25.4 





1 Differences significant at 1%—necessary difference at 5% =24.7. 


2? Differences not significant. 


3 Differences significant at 1%—necessary difference at 5% =6.3. 


4 Differences not significant. 


5 Differences significant at 1%—necessary difference at 5% =8.5. 


operate timing tests were made at three 
places. At the Walter farms infestation 
failed to develop. At the Lazier farm the 
corn was small and the infestation de- 
veloped so late that a complete schedule 
was not warranted. The most complete 
data were obtained on a farm near Water- 
man which was growing seed for the De- 
kalb Agricultural Association, Inc., where 
combinations of treatments 1, 2 and 3 
were applied by airplane in the center of 
30-row strips the length of a 40 acre field. 
Alternate checks were left. A minimum of 
drifting occurred. Control figures are 
based on a comparison of the treated area 
and the average of adjoining checks. 
Variability within the field and ina- 
bility of the owner to destroy weeds in 
some portions so influenced yields that 
they were unreliable. In Table 2 the re- 
sults of these tests are combined with 
records for the 1945 timing test at Aroma 
Park. Both areas were treated with 5 per 
cent DDT dust. Otherwise they differed 
in location, method of treatment, amount 
of material used and basic infestation. In 
spite of these differences and some varia- 
bility within the data they show remark- 
able similarity in pointing out the most 


effective period of application. The records 
in Table 2 indicate that the later treat- 
ments were most important in controlling 
first generation borers in early corn. 

Support for this point is found in rec- 
ords not otherwise shown from Rochelle 
where treatment number 3 produced 8.0 
per cent and treatment number 4 pro- 
duced 12.1 per cent increases in net yield 
over check. At Walnut, on the Black and 
Abbott farms, where only late treatments 
were applied, one field showed 24.9 per 
cent increase in net yield over check while 
another with a very narrow check which 
was known to be influenced by drift 
showed 5.0 per cent increase over check. 

Again, at Polo, on 80 acres of seed pro- 
duction of the Blackhawk Cooperative 
Hybrid Seed Corn Company, two late 
treatments of 25 pounds of 5 per cent 
DDT dust per acre made at periods 3 and 
4 resulted in 21.5 per cent net yield in- 
crease. 

The results obtained on early sweet 
corn test plots during 1946 showed the 
same trend. 

In general, during 1946, later treat- 
ments gave better control than the early 
treatments. However, without further 
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1.—A 12-outlet power duster mounted on 
standard detasseling machine for ground applica- 
tion of dusts. Adaptation first made by entomolo- 
gists of the Illinois Natural History Survey in co- 
operation with the Agricultural Engineering De- 
partment of the Illinois Agricultural Experiment 
Station. 


Fic. 


evidence, we are not in a position to follow 
this through to definite recommendations. 

AMOUNT AND CONCENTRATION OF 
MarteriAL.—The results of tests involving 
the use of different amounts and ‘concen- 
trations of materials are shown in table 3. 
These data are further summarized in 
tables 4 and 5. Yield data at Aroma Park 
are not included because they were defi- 
nitely unreliable due to drouth conditions 
which prevailed in this area. At Rochelle 
a workman inadvertently harvested the 
check in this experiment and yield in- 
crease data are not available. These treat- 
ments were all applied with ground ma- 
chinery. 

Available data (Table 4) indicate that, 
having deposited a minimum of material 


Table 4.—Summary table showing effect of 
amount of actual DDT applied on control and 
yield. 

















| PER 
CENT 
LBs. PER In- 
DDT CENT CREASE 
PER Con- Net Over 
LOcATION ACRE | TROL Yrevp | CHEck 
Aroma Park | 1.0 64.1 
Lowe 1.5 72.8 
Rochelle 45 70.8 103.5 
Lazier 1.0 55.5 104.2 
1.5 86.6 103.8 
Granville 75 93.1 98.3 21.2 
Moews 1.0 87.0 98.2 21.8 
| 1.5 94.5 96.7 23.0 
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Fig. 2.—Sprayer mounted for ground application, 
El Paso, Illinois. Usable in corn row with stalks up 
to about 5 feet tall. 


by the application of 0.75 pounds of ac- 
tual DDT per acre, we gained no appreci- 
able benefit by increases up to 1.5 pounds 
of actual DDT per acre. (Differences not 
significant, Table 3). 

The data further indicate that 5 per 
cent concentrations were more effective 
than the 3 per cent concentrations. 
(Table 5.) 

Metuop or AppuLication.—By scan- 
ning all the records of all treatments ap- 
plied we are led to believe that ground 
dusting has given somewhat better results 
than airplane dusting. This may be a mis- 
conception, however. Drift of dust is not 
as widespread when the applications are 
applied with ground machinery and ade- 
quate checks are more easily obtained. 
Some of the results from airplane dusting 
operations are undoubtedly obscured by 
drift over the checks. 


Table 5.—Summary table showing effect of 
concentration of DDT in pyrophyllite dust ap- 
plied upon control and yield. 














PER 
| CENT 
PER | In- 
PER CENT | CREASE 
CENT Con- Net | Over 
Location | DDT TROL YIELD CHECK 
Aroma Park! 3.0 69.2 | 
Lowe 5.0 79.3 | 
10.0 59.5 
Rochelle 3.0 64.8 98.8 
Lazier 5.0 77.1 108.5 
Granville 3.0 86.1 98 .4 20.6 
Moews 5.0 90.0 96.8 | 21.7 
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Table 6.—Comparative effect of dusting and spraying of field corn with various amounts of DDT 


from different sources and all applied by plane. 


























| PER 
LBS. PER CENT 
Acre | Borers PER In- 
Type or | Toxic PER CENT CREASE 
SouRCE OF AMOUNT Appuica-| INGRE- 100 Con- Net OvER 
INSECTICIDE PER ACRE TION DIENT | Puants | TROL! YIELp? | CHECK 
Emulsifiable con- | 8 ounces—25% DDT | 
centrate (B) concentrate Spray 12 135.0 40.7 85.8 4 
Oil Dust 25 lbs. 5% DDT in py- 
rophyllite plus 2% oil Dust 1.25 22.8 90.0 103.3 20.9 
Check none — — 227.7 — 85.5 -- 
Dry Dust 25 Ibs. 5% DDT in py- 
rophyllite Dust 1.25 66.6 70.8 96.9 13.4 
Oil spray | 2 gal.—50% DDT con- 
| centrate Spray 1.0 17.8 92.2 92.9 | 8.7 

















1 Differences significant at 5% level. Necessary difference =30.9. 


2 Differences significant at 5% level. Necessary difference at 5% =8.6. 


In one test, airplane spraying was com- 
pared with airplane dusting. Table 6 
shows the results of the experiment in 
which both dry mechanically mixed and 
oil impregnated dusts and two spray ma- 
terials were used. The spray with emulsi- 
fiable concentrate B included so little 
DDT that the treatment was ineffective. 
The DDT-oil concentrate spray did con- 
siderable damage to the plants and this is 


probably responsible for the reduced yield 
shown. The damage appears to be trace- 
able to solvents used in the concentrate. 
Where approximately equal amounts of 
DDT were used it is apparent that the oil 
concentrate spray was superior to dry 
dust. It appears that the differential may 
be reduced by adding small amounts of oil 
to the dust. The advantage in favor of 
spraying is in agreement with observa- 





Table :7.—Results obtained by spraying with ground machine with various sources of DDT. 



































| LBS. PER 
ACRE, Date 
| Toxic OF 
SourcE OF | AMOUNT InNGRE- | AppPLi- 
INSECTICIDE | PER ACRE DIENT CATION 
Emulsifiable con- | 1 qt.—25% DDT con- 
centrate (A) centrate 5 4 
Check none — | — 
Emulsifiable con- | 1 qt.—25% DDT con- | 
centrate (A) centrate 5 3 
Check none _ ~- 
Wettable Powder | 2 Ibs.—50% DDT ma- 
terial 1.0 4 
Emulsifiable con- | 1.6 qt.—25% DDT 
centrate (B) concentrate 8 4 
Emulsifiable con- | 1.6 qt.—25% DDT 
centrate (A) concentrate 8 4 
Check none -- — 











Borers Per 
PER CENT 
100 Con- 

PLANTS TROL 
$5.7 66.0 

105.0 —_— 
6.8 85.6 
47.2 — 
1.5 96.8 
1.8 96.1 
5 98.9 
46.4 —_— 














PER 
CENT 
In- 
CREASE 
NET OvER 
Yretp | CHEcK 
124.0 7.9 
114.9 — 
119.1 5.8 
112.6 ~ 
125.9 12.8 
117.2 5.0 
124.3 11.4 
111.6 — 
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Table 8.—Results of semi-commercial tests on farms of contract growers of seed corn near Water- 


man, De Kalb County, during 1946. 


























Ece Masses 
PER 100 PLANTS INCREASE 

JUNE 21-22 PLANT IN Net 

HEIGHT TREAT- YIELD 

DATE OF Black- | ExTENDED| MENT OvER 

FIELD Piantine | White head JunE 21-22) NumBer | Controt | Cuecx 
May No. No. In. No. Pet. Pet. 
Black & Watson ? 80 20 24.0 1 24.4 10.2 
A. Totel 18-14 120 20.2 2 _— 6.6 
D. Totel 18-14 100 21.0 2 — 17.7 
Rompf 18-15 84 24 19.9 2 3.2 7.8 
Guehler 18-14 96 16 21.6 1,2 22.8 10.8 
Johnson & Townsend | 7-8 72 24 24.1 1,3 —_ 13.4 
Dolder 9 96 22.3 2,3 80.8 | 2.8 
Wielert } 9-13 144 24 21.3 2,3 48.5 12.1 
Sanderson | 10-11 100 4 19.9 2,3 21.8 | 7.6 
Colton West 6- 7 148 36 22.5 1,2,8 63.4 | 13.9 














tions made in other places where spraying 
has been observed. 

The only widespread ground spraying 
operation was carried on by Mr. Pfister at 
El Paso and Minonk (Table 7). All appli- 
cations were made late in the treating pe- 
riod (June 29 to July 6) and excellent 
results were obtained. The apparatus used 
is shown in figure 2. We were able to sam- 
ple only about 200 of the 1500 acres 
treated by Mr. Pfister but he is enthusi- 
astic regarding the results obtained on all 
of his treated acreage. Further tests of 
this method must be carried on before any 
real conclusions can be drawn. 

NuMBER OF APPLICATIONS.—Data in- 
cluded in the tables appear to indicate 
that in 1946 a single application made at 
a strategic time gave practically as good 
results as multiple applications. This 
happened during a season when a very 
large percentage of the early eggs were de- 
stroyed by beating rains and is not suita- 
ble basis for a recommendation. 

CoMMERCIAL AppLicaTION.—Near Wa- 
terman, semi-commercial treatments were 
applied on 10 farms contracting produc- 
tion for the De Kalb Agricultural Associa- 
tion, Inc. Results are given in table 8. 

It is shown that in spite of variability 
in soil fertility, cultural practices, infesta- 
tion, time of planting and treatment, 9 of 
the 10 farms produced sufficient net yield 
increase over checks to pay dividends over 
and above the cost of treatment. This, 
after all, is the actual proving ground for 
the practice. 

We also have records of a farmer near 
Tonica who hired about 100 acres of field 








corn treated by plane with 5 per cent 
DDT dust, and left several acres in the 
center of the field untreated. Records 
made on his farm show 25.0 per cent con- 
trol of borers and a net yield increase of 
6.1 per cent. This single treatment on 
ordinary farm corn paid dividends over 
the cost of treatment. Several other 
farmers who made single treatments late 
in the season report equally satisfactory 
results. 

Incidentally, we have found a few dead 
moths in treated fields but to date have 
been unable to establish a definite correla- 
tion between treatment and moth activ- 
ity. In both years there was evidence 
indicating reduced oviposition in treated 
fields. 

The costs of treating field corn with 
insecticides vary greatly depending upon 
the method of application, number of 
‘acres treated and the type and amount of 
materials used. The best figures available, 
based upon the experiences of 1945 and 
1946, indicate that the cost of treatment 
per acre per application, excluding origi- 
nal cost of equipment, is as follows: Spray- 
ing with ground equipment, $1.75 to 
$2.00; dusting with ground equipment, 
$2.00 to $2.50, and dusting or spraying by 
airplane, $2.75 to $3.50. These figures do 
not include the cost of obtaining popula- 
tion and life history information which de- 
termine the treating schedule. 

SUMMARY AND ConcLusions.—Produc- 
tion of hybrid field corn seed is an impor- 
tant industry in Illinois. Delays in plant- 
ing to avoid first generation corn borer 
damage frequently lead to losses. 
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During 1945 applications of insecticides 
to single cross hybrids were markedly 
successful in reducing borer damage and 
increasing marketable seed. 

Results of the 1946 grower-station co- 
operative tests indicate that, having de- 
posited a minimum amount of material, 
additional amounts gave no appreciable 
benefit. It appears that 5 per cent DDT 
dust is more effective than 3 per cent 
DDT dust. 

During both 1945 and 1946 the later 
treatments gave better control than early 
applications. The results suggest that one 
or two timely applications may be suffi- 
cient for field corn protection. Ground 
machinery appears to give better control 
than airplane applications. Sprays are 
possibly better than dry dusts. Oil im- 
pregnated dust may be equivalent to 
sprays. 
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Treatments such as were applied during 
1946 are shown to be economical on hy- 
brid seed production acreage and possibly 
on farmers’ fields during periods of moder- 
ate to heavy infestation by first generation 
borer. 

Costs per application per acre range 
from $1.75 to $3.50 for materials and 
labor, depending upon the materials used 
and method of application. 

Some possible advantages of insecticide 
program: 

1. Permit the grower to plant as early 
as soil conditions are favorable. 

2. Provide insurance against possible 
borer damage when the infestation is un- 
certain. 

3. Under moderate to severe infesta- 
tion (a) increase net yields, (b) raise 
quality and grading per cent, (c) reduce 
loss due to dropped ears.—1—15-47 


Variations in the Seasonal History of the European Corn 
Borer in Ohio 


C. R. Netswanver, Ohio Agricultural Experiment Station, Wooster 


During the first few years after the 
European corn borer was introduced in 
the Central States region of the United 
States, extensive studies were made on its 
seasonal history in northwestern Ohio. 
Poos (1927) at Sandusky and Huber e¢ al. 
(1928) at Oak Harbor, presented data 
showing the seasonal occurrence of the 
various stages of the insect. The observa- 
tions of these investigators were made 
over a period of about 5 years with prac- 
tically identical results. Both reports 
recorded a single generation per year with 
the maximum moth flight period occur- 
ring about July 5. 

The appearance of a partial second gen- 
eration was reported by Vance (1939) in 
northwestern Ohio and northeastern Indi- 
ana during the summers of 1936 and 1937. 
In 25 fields of sweet corn that were studied 
in 1936, Vance found an average summer 
pupation of 6.2 per cent. In 25 fields in 
1937, the average summer pupation was 
8.7 per cent. This marked an important 
change in behavior because during the 
preceding years the number of pupae 
taken in the summer in Ohio had been 
negligible. However, Ficht (1936) had re- 
ported that a partial second brood oc- 


curred in Indiana in both 1934 and 1935. 

Coincident with the change from a 
single generation to a two generation type 
of behavior, Vance noted that the moths 
of second generation borers emerged 
about a week earlier the following spring 
than did those of the single generation 
borers. In one of his concluding para- 
graphs he stated that “The widespread 
occurrence of a partial second generation 
in several of the Lake States offers justifi- 
cation for the belief that the so-called 
‘single generation strain’ in certain regions 
is modifying its response to environment 
and is now in a state of transition, with a 
tendency toward an increased proportion 
of the two generation form.” 

The writer is in accord with Vance’s 
statement and is of the opinion that the 
transition has progressed to a point where 
the entire hibernating borer population 
now transforms to moths much earlier 
than it did when there was but a single 
generation per year. In the spring of 1944 
and 1945 moth emergence data were ob- 
tained from two types of corn fields at 
Van Wert, one of which contained largely 
second generation borers the preceding 
year and the other largely single genera- 
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tion borers. In both years the moth emer- 
gence periods for the paired fields were 
practically identical, regardless of the dif- 
ference in the number of generations the 
preceding year. 

In this paper the writer will discuss (a) 
the recent seasonal advance in the moth 
flight period of the hibernating generation 
in northern Ohio, (b) the present variation 
in the time of occurrence of this period 
across the state in a north-south direction, 
(c) the period of emergence of summer 
generation moths, and (d) the variation 
in the time and amount of summer moth 
emergence from different hosts. 

During the years 1943 to 1946, observa- 
tions on seasonal behavior were made at 
several points in the state. The map (Fig. 
1) shows the location of the areas studied. 
The most northerly and the most south- 
erly points have a difference in latitude of 
a little more than 2 degrees or about 150 
miles. In all these localities the seasonal 
history records were taken on borers in 
corn stalk remnants from fields that had 
been in dent corn the preceding year. In 
most instances these fields were in oats at 
the time the data were taken. 

The records were obtained from the 
fields at approximately weekly intervals 
during the insect transformation period 
by dissecting corn stalks until a total of 
50 larvae, pupae, and cast pupal skins had 
been observed. The number in each stage 
was noted. From the data obtained, the 
percentage of moth emergence was calcu- 
lated for each locality and observation 
date, and moth emergence curves were 
constructed. 

ADVANCE IN THE F.iicgut PERIOD OF 
THE HiIBERNATING GENERATION.—The 
emergence record for the hibernating 
generation at Elyria is shown in figure 2 
for the years 1944, 45 and 46. It may be 
noted that moth-emergence at Elyria in 
1944 was about 5 or 6 days earlier than in 
1945, and for 1946 it was intermediate be- 
tween that of the other 2 years. In 1944 
the May-June temperature was 6.3° F. 
higher than the 74-year average at Cleve- 
land (Andrus 1945), whereas in 1945 it 
was 2.3° F. lower than the average and in 
1946 it was practically the same as the 
average. These differences in May-June 
temperatures probably account for much 
of the variation in time of corn borer 
emergence for the 3-year period. 

The average emergence curve for the 
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years 1924-1927, as presented by Huber 
et al. (1928), is shown also in figure 2. 
When a comparison is made of the average 
moth emergence period for the years 1924 
to 1927 with that of the years 1944 to 
1946, it can be seen that a difference of 
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Fic. 1.—Location of stations at which corn 
borer seasonal history records were taken. 


approximately 2 weeks was maintained 
throughout the period of transformation. 
Furthermore, the moth emergence curve 
for the abnormally cold May and June of 
1945 was still 10 to 12 days earlier than 
that of the 1924 to 1927 average. Al- 
though the average May-June tempera- 
ture for the period 1924 to 1927 was some- 
what lower than the 74-year average, it 
was not as low as the May-June 1945 
temperature. Hence the indicated differ- 
ence in the moth emergence period cannot 
be attributed to a variation in May-June 
temperatures. It appears therefore that, 
coincident with the change from a single 
generation to a two-generation type of be- 
havior, the hibernating generation has 
advanced its period of emergence approxi- 
mately 2 weeks in northern Ohio, and that 
the average date of maximum moth flight 
is now about June 20 instead of July 5. 
VARIATION IN Morn Fuicut PeEriop 
FROM Nortu To Soutu.—During the pe- 
riod of 1943 to 1946 the writer has also 
studied the seasonal history of the insect 
in other parts of the State. The variation 
that occurred in 1946 at four stations dis- 
tributed over the State in a north-south 
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direction is shown in figure 3. It may be 
noted that between the most southerly 
and the most northerly points there was a 
constant difference of approximately 2 
weeks in moth emergence. In stations 
located intermediately the insect likewise 
was intermediate in its seasonal history 
development. Although moth emergence 
was earlier at the more southerly points, 
the variation in seasonal behavior be- 
tween stations was not quite proportional 
to the variation in latitude. For instance, 
the curve for New Carlisle is nearer that 
of the Van Wert area than it is to the 
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Fic. 2.—Emergence period for moths of the hiber- 

nating generation in northern Ohio for the years 

1944 to 1946 as compared with that of the average 
for the years 1924 to 1927. 


Cincinnati area although in latitude New 
Carlisle is nearer Cincinnati than it is Van 
Wert. Such inconsistencies may be ex- 
pected to occur in any year depending 
upon the local climatic conditions. 

Records for each of these localities are 
available for 2, 3, or 4 of the years from 
1943 to 1946. Average curves for the years 
in which records were taken are presented 
in figure 4. These curves may be con- 
sidered as guides to the probable period of 
moth flight for each of the localities. How- 
ever, it must be understood that the pe- 
riod of moth emergence in any one of the 
areas could vary several days from the 
average in either direction as was shown 
by the 3-year records taken at Elyria 
(Fig. 2). 

SumMMER Fuicut Pertop.—The period 
of moth emergence for the summer flight 
as well as the total amount of emergence 
of this generation has varied greatly with 
the season, with the latitude of the locality 
observed, the nature of the host crop, the 
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Fic. 3.—Emergence period for moths of the hiber- 
nating generation in 1946 at four localities across the 
state in a north-south direction. 


earliness of planting, and the earliness of 
maturity of the host. Because of these 
many qualifying factors, there has been 
considerable variation in the time of ap- 
pearance of this generation. 

The summer moth emergence period 
taken from early market garden sweet 
corn at Elyria in northern Ohio for the 
three seasons 1944, 1945, and 1946 is 
shown in figure 5. It may be noted that a 
difference in the flight period of about 3 
weeks occurred between the 1944 and 
1945 seasons. The percentage of borers 
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Fia. 4.—Average emergence periods for moths of the 

hibernating generation at four different localities in 

the state during the period 1943 to 1946 as compared 

with the average at Oak Harbor in northern Ohio 
during the period 1924 to 1927. 


that emerged also varied for these 3 years 
in the same locality. In 1944 the highest 
percentage of emergence observed was 45 
whereas in 1945 it was 24. 

In southern Ohio a higher percentage of 
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the borers have emerged as moths for the 
summer flight period and the emergence 
period has been earlier than in northern 
Ohio. The number of borers that have 
emerged from the earliest sweet corn fields 
of the Cincinnati area has usually been 
about 75 percent of the population. The 
time of emergence has been approximately 
10 days earlier in this area than in north- 
ern Qhio. The difference in time of 
emergence between northern and southern 
Ohio has not been as great for the summer 
generation as it has for the hibernating 
generation. The variation that has oc- 
curred in one locality for season to season 
has been greater than the variation by 
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Fie. 5.—Emergence period for summer generation 
moths at Elyria in northern Ohio during the years 
1944, 1945, and 1946. 


latitude over the state. Hence an average 
moth emergence curve for the summer 
generation in any region of the state would 
be of questionable value. 

In 1944 at Dayton in southwestern 
Ohio, a comparison of the period and 
amount of emergence of summer genera- 


tion moths was made in Carmelcross 
sweet corn and Iowa 939 dent corn. Both 
of these strains are considered susceptible 
to corn borer injury and both were planted 
in early May. The moth emergence curves 
for the summer flight period are shown in 
figure 6. In these two curves the actual 
percentage of moth emergence is shown 
for all dates. It can be noted that emre- 
gence started later in Iowa 939 and the 
total that emerged was less than in Car- 
melcross. But little emergence occurred 
after August 10 from either strain. Differ- 
ences in time and amount of summer moth 
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emergence such as is shown in figure 6 
have been observed repeatedly in recent 
years. The same differences appear when 
early maturing sweet corns are compared 
with late maturing sweet corns, or early 
dent corns with late dent corns. Just as a 
higher borer survival occurs in early ma- 
turing corn strains, likewise a higher per- 
centage of summer moths emerge for a 
second generation from those strains 
(Neiswander-1945). 

SUMMER EMERGENCE FROM DIFFERENT 
Hosts.—Coincident with the change from 
a single generation to a two-generation 
type of behavior, the corn borer in Ohio 
has become a more general feeder as far as 
first generation borers are concerned. It is 
possible that the advance in the moth 
flight period for the hibernating genera- 
tion has induced the species to deposit 
eggs on plants other than corn, since under 
present conditions much of the corn at the 
time of moth flight is not yet in a highly 
attractive stage. Corn borer infestations 
of considerable magnitude are now com- 
mon in potatoes throughout the state. 
Significant infestations have been ob- 
served also in such crops as gladiolus and 
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Fic. 6.—Emergence period for summer generation 
moths from Carmelcross sweet corn and Iowa 939 
dent corn at Dayton, Ohio in 1944. 


peony. Corn borer development in at least 
one of these hosts seems to be more rapid 
than in corn. 

A comparison of borer development in 
early sweet corn and potatoes was made at 
New Carlisle, Ohio in 1946. The pupation 
and emergence curves for these two crops 
are shown in figure 7. It can be noted that 
both pupation and emergence were 3 to 4 
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days earlier for the borers infesting po- 
tatoes than for those infesting corn. The 
sweet corn was Marcross, a susceptible 
strain, planted April 24 and 25. The record 
for potatoes was taken from two fields, 
one of which was Cobbler and the other 
Katahdin. It is interesting to note that 
both pupation and emergence started 
earlier in the early maturing Cobblers 
than in the late maturing Katahdins. This 
suggests that the factor that permits a 
higher survival and more rapid growth of 
the borers infesting early maturing strains 
of corn as compared with late strains may 
produce a like result in potatoes. 

A similar situation occurred at Van 
Wert in 1946 when a comparison of corn 
borer development in potatoes and dent 
corn was made. In this instance the study 
again included both Cobblers and Katah- 
dins and again borer development was 
more advanced in the Cobblers than in the 
Katahdins. However, the most interesting 
development in this study was that 100 
per cent of the borers in potatoes emerged 
as moths in mid-summer for a second 
larval generation whereas less than 25 per 
cent emerged from dent corn. The emer- 
gence record from potatoes and the very 
small pupation record from corn are 
shown in figure 8. The corn was planted 
May 9, which is early for the Van Wert 
area, and should have been relatively fa- 
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Fig. 7.—Comparison of summer pupation and emer- 
gence periods from potato and sweet corn at New 
Carlisle in 1946. 


vorable for rapid borer development. 
However, during the 4 years 1943 to 46 
the writer has never observed more than 
35 per cent summer emergence from dent 
corn in the Van Wert area. 


Discussion.—The changes in corn 
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borer behavior that have occurred in Ohio 
during the past 10 years and the variations 
in seasonal development that now prevail 
in different hosts and in different latitudes 
may be of considerable economic impor- 
tance. The advance of approximately 2 
weeks in the emergence period of the hi- 
bernating brood is practically equivalent 
to a 2 weeks delay in planting as far as 
corn borer survival in dent corn is con- 
cerned. It now seems of questionable value 
to urge extended delays in corn planting, 
especially since unfavorable weather 
might cause still further delays, and thus 
result in greater yield reductions than the 
borer itself would have caused if the corn 
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Fia. 8.—Emergence period for summer brood moths 

from potatoes as compared with the pupation period 

in dent corn for the same generation at Van Wert, 
Ohio in 1946. 


had been planted early. The reduced 
borer survival that necessarily follows 
earlier egg deposition has greatly reduced 
the hazard of early planting. As a result, 
the writer is inclined to advise only the 
avoidance of extremely early plantings. 

The appearance of moths of the hiber- 
nating brood 2 weeks earlier in southern 
than in northern Ohio suggests that no one 
planting date can be designated for all 
parts of the state. As far as corn borer 
injury to dent corn is concerned, a May 10 
planting in southern Ohio should be 
equivalent to a May 24 date in northern 
Ohio. In selecting planting dates for corn 
borer control it should also be borne in 
mind that late plantings are likely to have 
significant populations of second genera- 
tion borers. 
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The variation in the time of appearance 
of moths of the hibernating generation is 
also of importance to sweet corn growers 
in timing their insecticide applications. In 
southern Ohio, growers should be ready to 
start the application of insecticides by 
June 5 whereas in northern Ohio it is sel- 
dom necessary to start before June 20. 
The actual time of application of course 
cannot be determined in advance for any 
locality but will depend upon the time of 
egg-hatch which varies with the earliness 
or lateness of the season. 

The importance of hosts other than 
corn on the general corn borer population 
level is difficult to evaluate at the present 
time. It is possible that the transition from 
corn to other hosts is still in progress and 
may continue until the first generation 
borers have a wide range of host plants. 
In 1945 it appeared that in some sections 
borers in potatoes were an important 
source of second generation infestation in 
corn. That year, in a potato growing sec- 
tion near New Carlisle, the summer gen- 
eration moths which emerged from potato 
fields were responsible for second genera- 
tion infestations as high as 10 borers per 
stalk in many fields of late-planted dent 
corn. However, in 1946 the almost uni- 
versal use of DDT on potatoes has greatly 
reduced the borer population in that crop. 
As a consequence, the borer population in 
late corn was likewise greatly reduced. 

The behavior of the corn borer during 
the past 4 years has greatly changed the 
investigational problem, but whether the 
importance of the insect as a destructive 
agricultural pest has been increased or 
diminished remains to be seen. The writer 
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is inclined to believe that the insect, in 
changing its seasonal history, has reduced 
its potentiality on early planted dent corn, 
although it may become increasingly im- 
portant on other agricultural crops. 

Summary.—Concurrent with _ the 
change from a single generation to a mul- 
tiple generation type of behavior, the 
period of moth emergence for the hiber- 
nating generation of the European corn 
borer has advanced about 2 weeks in 
northern Ohio. The peak of the moth 
flight period during the years 1924 to 
1927 was about July 5, whereas during the 
years 1943 to 1946 it was approximately 
June 20. 

Seasonal history studies made at four 
points in the state during the years 1943 
to 1946 showed that in southern Ohio the 
hibernating generation emerged about 2 
weeks earlier than in northern Ohio. At 
intermediate points the emergence period 
was also intermediate. 

The time of emergence of summer gen- 
eration moths as well as the magnitude of 
the summer moth flight has varied greatly 
with the locality, the season, and the host. 
In the earliest maturing sweet corns in 
southern Ohio, about 75 per cent of the 
first generation borers have emerged as 
summer generation moths, whereas in 
northern Ohio the average has been about 
35 per cent. 

In a comparison of borer development 
in different hosts it was found that moths 
emerging in the summer from first genera- 
tion larvae that had developed in potatoes 
appeared earlier and in proportionally 
larger numbers than did those in either 
dent or sweet corn. 
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Biology and Control of the Allegheny Mound Ant’? 


Evizapetu E. Havitann, University of Maryland, College Park 


Formica exsectoides, the Allegheny 
mound ant, was described by Forel (1886) 
in 1886. Ten years prior to this, McCook 
(1877) had studied these ants at Holli- 
daysburg, Pa., under the name Formica 
rufa. While visiting America in 1899, 
Forel (1899) mentions observing colonies 
at Worchester, Mass., Cromwell, and 
Hartford, Conn., and Black Mountain, 
N.C. In 1891, Dalla-Torre (1891) lists 
this ant as occuring in “Am. North (New) 
Hampshire, Conn., Alleghanies.” Accord- 
ing to Wheeler (1913), who mentions the 
ant in a number of his works, this species 
is distributed from Nova Scotia to Geor- 
gia and from the Atlantic Coast to the 
western side of the Appalachian Moun- 
tains and occasionally as far west as 
Colorado. 

During the last 25 years several persons 
have studied the Allegheny mound ant. 
Andrews made a number of studies on the 
habits of this ant, including observations 
on the food used and a population study 
(Andrews 1929b and a). 

In 1938 another population study (Cory 
& Haviland 1938) showed that a mound 
19 inches high contained 237,103 workers 
and 1407 queens, and an 11-inch mound 
contained 41,326 workers and 40 queens. 
From a study of 10 acres, averaging 
seven mounds to the acre, the population 
was estimated to be about 12 million ants. 

The life history and habits of this 
species, especially the feeding habits, were 
studied as a background for work on 
control. The life history of the ants was 
determined in artificial nests and the 
seasonal history by periodic field observa- 
tions over a period of three years. 

Lire History.—Formica — exsectoides 
eggs are elongate, elliptical and white. 
They average 0.823 mm. long and 0.413 
mm. wide at the widest point. The surface 
is slightly granular and sticky which 
makes the eggs adhere to each other. In 
30 artificial nests, held at 70° F., eggs 
hatched in a range of 10 to 27 days, with 


1 This paper is based on a thesis presented to the Graduate 
School of the University of Maryland in partial] fulfillment of the 
requirements for the degree, doctor of philosophy. The author is 
grateful to Dr. Ernest N. Cory for suggesting the problem and for 
valuable advice throughout. 

2 Scientific Journal Article A107, contribution No. 1983 of the 
Maryland Agricultural Experiment Station, Department of 
Entomology. 


an average of 19.4 days. In 19 artificial 
nests, with the temperature varying from 
48° F. to 94° F., egg hatching ranged 
from 11 to 54 days with an average of 21 
days. 

The curved, legless, white larvae were 
kept in groups on the floor of the nest. In 
eight nests with temperatures varying 
from 48° to 94° F., it took from 11 to 53 
days from the time the first larva was 
noted until a pupa was formed; an average 
of 18.2 days. In nine nests held at ap- 
proximately 70° F., it took from 21 to 
53 days; an average of 37.1 days from the 
appearance of the first larva until a pupa 
was formed. The workers have been seen 
to eat large larvae. Since individual larvae 
could not be marked, the first larva ob- 
served may have been consumed by the 
cannibalistic workers thus lengthening the 
larval period as recorded in this study. 

The cocoons are dirty white to tan in 
color depending on age. In seven nests 
with temperatures varying from 48° F. to 
94° F., the pupal period lasted from 22 to 
35 days with an average of 27.3 days. In 
four nests held at approximately 70° F., 
the pupal period was 25 days in three 
cases and 30 days in the fourth or an 
average of 26.25 days. 

In 11 nests for which the length of each 
stage is known, the total time required 
from first eggs to the appearance of a 
callow was from 54 to 107 days or an 
average of 75 days. The cannibalistic 
habits of the workers may account for 
the wide range. The lengths of the various 
stages in the development of Formica 
exsectoides are similar to those for other 
species of ants as determined by various 
workers. 

The callow is much lighter in color than 
the workers and for a period of about 2 
weeks can be distinguished from the 
others. In nature the workers vary in 
size. The largest are almost like soldiers. 
The smallest are two-thirds this size and 
lighter in color. Intermediate sizes are 
present, but the gradation is too varied 
to make distinct groups. All workers 
raised in artificial nests with one or more 
queens were the smaller type. 

In the absence of a queen, workers 
produced eggs but at a lower rate than 
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was normal in artificial nests. Egg laying 
was slow in starting and was discontinued 
after 2 weeks. Only males were produced 
from worker eggs. 

Hasits.—The mounds of the Allegheny 
mound ant are rounded cones from 1 to 3 
feet high, often asymmetrical because of 
vegetation, slope, injury, and shading. 
Usually, part of the mound proper is bare 
unless the colony is very weak. Colonies 
that have moved recently usually have 
grass and weeds protruding at the top of 
the nest and may surround a small tree. 
Most of the grasses and weeds are dead by 
the next summer, but the tree may persist. 
In the open, the ants may not keep the 
mound free of plant growth except near 
the top and most of the southwest side. 
In shaded locations, the mound is kept 
entirely free of growing plants. Most 
colonies have grass and weeds around the 
base of the mound, or the leaves and 
sticks of the forest litter come up to it, 
obscuring the entrance holes. 

All mounds opened showed the same 
general structure. The passageways were 
roughiy cylindrical and about a half-inch 
in diameter. In the mound, the wall be- 
tween passageways was about a half-inch 
thick. The outer layer was almost twice 
that thick and of aslightly firmer construc- 
tion. In vertical section the passageways 
of the mound appeared to be arranged in 
stories. Each passageway sloped up or 
down after a few inches so that there were 
almost as many communications between 
stories as there were passageways. The 
passageways branched and united fre- 
quently. There was no sharp dividing line 
between the mound which had been built 
by the ants and the region below, which 
had been excavated. 

For a foot below the soil level and a 
foot from the base of the mound, the 
passageways were as numerous as in the 
mound. Deeper in the soil, the passage- 
ways were farther apart and more of them 
were vertical. They extended to a depth 
of from 30 to 36 inches. 

In the spring, the first outside activity 
of the ants is to repair the mound. In the 
fall, the last activity is to add soil to the 
outside of the mound. At all times during 
the active season, the mound is kept in 
repair. If some part of the mound is 
destroyed, this is built more rapidly than 
the rest. Grasses and other plants that 
have sprouted on the mound are killed or 
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die. Sometimes the vegetation is killed 
back as much as a foot around the base of 
a mound. Usually when the ants prune 
back encroaching vegetation, it is done 
gradually and is not noticeable except that 
the plants never cover the mound. 

In Maryland, mounds are usually found 
where there is some opening in the forest 
or at its edge. As the trees grow larger and 
the ares. becomes shady, the ant colonies 
move o: die out and no swarms become 
established. Colonies will move when dis- 
turbed often or when the mound is treated 
with some distasteful material. This habit 
of moving and the establishment of new 
mounds by swarming are important when 
control is attempted. 

SeasonaL History.—Depending upon 
the season and the exposure of the mound, 
these ants hibernate in the burrows below 
the mound from October until April at 
Beltsville, Maryland. Temperature varia- 
tions seem to be the most important 
factor in determining the time hibernation 
begins and terminates. By the last week 
in April dealated queens can be found 
near the surface of the mound. By the last 
week of May, mounds contain large num- 
bers of larvae of all sizes. Large steep- 
sided mounds contain large numbers of 
large larvae, which will develop into 
kings and queens, and many smaller lar- 
vae that presumably develop into work- 
ers. Most small mounds do not contain 
the large “royal” larvae. 

During the months that the colonies 
are active, the mound proper and the 
first 6 inches below soil level are used 
most. Larvae and pupae are gathered in 
the passageways with little segregation by 
sizes. In hot, dry weather in mounds fully 
exposed to the sun, the ants concentrate 
the brood below soil level on the north and 
east sides of the mound. In mounds only 
partly exposed to the sun, or in cool 
weather the brood is kept on the sunny 
side in the mounds, above soil level. 

From the first week in June until 
September, pupae are present. In strong 
colonies, at first most of the pupae are 
“royals.” After about 5 weeks, worker 
pupae are all that can be found. 

The last week of June, winged males 
and females are present near soil level 
in the mounds. When disturbed they 
make little or no effort to fly. Winged 
forms disappear by the middle of July. 

In August, the activities of the colonies 
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decrease gradually, few larvae are present 
and the numbers of pupae found become 
less and less. By mid-September, many of 
the ants are down in the tunnels, below 
the mound proper, entering hibernation. 
The numbers hibernating and their depth 
in the burrows increase as the season ad- 
vanced. No eggs, larvae or pupae are 
found in the mound from October to 
April. Workers and dealated queens are 
the only forms that hibernated. A popu- 
lous colony contains more queens in pro- 
portion to workers than a small one. No 
aphid eggs, stores of food or anything 
except myrmechophiles are found with 
the ants in the mound during the winter. 

Spreading by swarming was carried on 
in the spring and was a gradual process. 
The first indication was a few holes with 
pellets of dirt around them and workers 
moving in and out. The new location may 
be from a few feet to some rods distant 
from the parent colony. Between this 
spot and the parent colony, the ants are 
more numerous than at other points on 
the entire surface of the ground. In a few 
days, a small loose mound hides the 
original holes. The number of ants moving 
between the two mounds still remains 
large. In a 25-square yard area, burned 
over during the winter, seven new colonies 
were found developing. In other parts of 
this burned section, small new mounds 
were found that must have been started 
by ants from a distance of at least 30 
yards. 

In April when the colonies become 
active, foraging for food begins and this 
increases until the middle of July. For the 
next 2 months it decreases gradually. Two 
types of food are used. Workers have been 
found dismembering or carrying Japanese 
beetles, May beetles, small ground bee- 
tles, sowbugs, spiders, crickets, small 
lepidopterous larvae, crane flies, grass- 
hoppers, termites, and _ unidentified 
hymenopterous and dipterous insects. Ap- 
parently any insect found that can be 
overcome is used. This forms one type of 
food, mainly protein. The other is the 
honeydew obtained from any honeydew- 
producing insects present on the trees and 
bushes. 

During the summers of 1943 and 1944 
these ants used the honeydew from two 
generations of the tree-hopper Vanduzea 
arcuata (Say.) on black locust, from the 
scale Toumeyella liriodendri (Gmel.), on 
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the tulip tree, aphids on aspen leaves and 
aphids on various species of oaks. In 1943 
the black aphids on Virginia pines and the 
aphids on the twigs of chinquapin were 
used as sources of honeydew. These in- 
sects were not present in 1944. The honey- 
dew secured from insects on black locust, 
tulip tree and oaks was more than that 
from other sources. No evidence was 
found that these honeydew-producing in- 
sects’ bodies were used for food or that 
they were moved to more advantageous 
places. The honeydew was simply used as 
the source of carbohydrate food. 

NUTRITIONAL StupieEs.—The nutrition 
of Formica exsectoides was studied by 
offering various food to the ants in the 
field, by determining the survival of con- 
fined workers on various foods, and by 
feeding artificial colonies. 

Field feeding tests showed that cooked 
beef, beef broth, raw and cooked liver, 
liver broth, diluted honey, diluted honey 
dew honey, and a solution of sucrose were 
acceptable foods. No food was found 
which attracted the workers in sufficient 
numbers to be effective as the basis for a 
poison bait. 

Survival of workers on 21 foods, water, 
and no food or water was determined in a 
total of 73 tests conducted at intervals 
during a year. In all survival tests the 
food-moistened-cotton was changed three 
times a week to prevent spoiling. 

Ants without food or water gave the 
lowest survival time. Most of the ants 
were dead by the third day and none 
survived 7 days. Workers given water 
only were able to survive almost twice as 
long, and a few of them lived 30 days. The 
foods tested were combinations of a 
carbohydrate and a protein. Honey, su- 
crose, levulose, and dextrose were the 
carbohydrates used. The honey was used 
in 50 and 25 per cent strengths. The latter 
has approximately the same sugar con- 
centration as the nectar of flowers (Eckert 
& Allenger 1939). Honey also contains 
minerals (Schuette et al. 1937, °38, °39) 
and vitamins (Kitzes et al. 1943). Honey 
in 25 per cent concentration gave higher 
survival when used alone or with every 
protein tried than 50 per cent honey. 
Sucrose, 12 per cent concentration, in 
liver broth gave the highest survival. 
Levulose or dextrose, 12 per cent, was 
nearly as good. Doubling the concentra- 
tion of any of the pure sugars reduced the 
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survival rate. Sucrose and levulose in 25 
per cent concentration gave lower sur- 
vival than 25 per cent honey. 

The proteins tried were liver broth, 
liver extract, yeast cells, and yeast ex- 
tract. All of these foods also contain 
minerals and vitamins (Bradley 1931). 
The liver extract was used in two strengths 
The less concentrated solution, 250 milli- 
grams per 100 cc. of solution, gave better 
survival than 500 milligrams per 100 cc. 
Results with yeast and yeast extract in 
the food were variable. 

Sucrose, dextrose, and levulose solu- 
tions with either liver broth or liver ex- 
tract spoiled quickly. The foods contain- 
ing honey did not spoil so quickly. Since 
the ants did not eat spoiled foods, the 
results in the tests using frequently 
changed food-soaked-cotton, are much 
better than the results in the artificial 
nests given the same foods, where unused 
food could not be removed. Sodium ben- 
zoate, sodium propionate, calcium pro- 
pionate, and citric acid in _ strengths 
tolerated by the ants were ineffective in 
controlling decay and molds. 

During 3 years 86 artificial colonies 
were fed 38 food combinations. Most of 
these colonies were kept in artificial nests 
of the usual pattern. The successful com- 
pletion of larval development indicated 
by the spinning of a cocoon was used as 
the criterion in determining which foods 
contained all essential elements. No 
colony was able to nourish larvae until 
pupation on any dilution of honey, beef 
broth, or liver broth. All successful foods 
were mixtures of a carbohydrate and a 
protein. In these tests a colony was given 
one kind of food for 2 or 3 months. If 
larvae were not developing satisfactorily, 
another food was tried. In this way some 
artificial colonies were given three or four 
foods during their existence. 

Of the seven foods upon which artificial 
colonies lived and fed larvae until cocoons 
were spun, all except one had honey as the 
carbohydrate portion of the food. This 
colony had one larva spin a cocoon while 
receiving 12 per cent sucrose in yeast 
extract with 250 milligrams of liver ex- 
tract per 100 cc. added. Three times as 
many artificial colonies produced cocoons 
when fed 25 per cent honey and a protein 
as did when fed 50 per cent honey and a 


protein. 
Bits of raw liver, liver broth, liver 
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extract, yeast cells, liver extract and yeast 
cells, and liver extract and yeast extract 
were the proteins which gave successful 
results when fed with 25 per cent honey. 
In seven colonies larvae spun cocooons 
when fed 25 per cent honey in liver broth 
while four were successful on 25 per cent 
honey containing 250 milligrams of liver 
extract per 100 cc. Three colonies had 
larvae complete development when the 
liver extract factor was doubled. Two of 
these also received yeast cells. One colony 
was successful on a combination of liver 
extract and yeast extract, but since more 
colonies were successful on liver extract 
alone, the yeast extract is apparently not 
essential. The value of yeast cells is doubt- 
ful although one colony had one larva 
spin a cocoon with yeast cells as the only 
source of protein, other than that in the 
honey. These studies show that 25 per 
cent honey in liver broth or 25 per cent 
honey containing liver extract is a com- 
plete food for Formica exsectoides but that 
the ants are able to utilize satisfactorily a 
variety of foods. 

Temperature and humidity were also 
factors in the length of time artificial 
colonies lived. Of 34 artificial colonies 
held at approximately 70° F. 23 lived over 
200 days or about 7 months. At the end 
of 5 months the queens had _ stopped 
laying, and the workers did not feed well. 
Clustering, the usual sign of hibernation, 
was noted. All of these nests had been 
started with ants collected from hiberna- 
tion in November or December and forced 
into activity by a higher temperature. 
In 33 artificial nests with temperature 
varying from 48° to 94° F., seven colonies 
lived more than 300 days, and three of 
these survived longer than a year. After 
being in captivity 306 days, the queen of 
one colony again began to lay eggs. The 
eggs hatched, but the larvae did not com- 
plete development. This colony was fed 
25 per cent honey in liver broth most of 
its existence. These artificial colonies were 
started in the winter but were not forced 
into activity rapidly. In all artificial colo- 
nies, the humidity was kept as near that 
of moist soil as possible and water was 
given three times a week. 

ConTROL.—Poisoned food is used to 
control some ants, but the habits of 
Formica exsectoides, with their wide vari- 
ety of food and the wide distribution of 
the colonies, make posioning difficult. 
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During the winter of 1943-44 a small 
colony of these ants, formed by workers 
and queens that escaped from artificial 
nests, was tested. These ants foraged over 
the greenhouse, but the food supply was 
often limited although 25 per cent honey 
in liver broth was placed near the mound 
occasionally. One day an arsenite of soda 
ant poison was set out instead of the 25 
per cent honey in liver broth. The workers 
fed as usual for several hours and then 
stopped although plenty of the solution 
remained and no other food was offered. 
The next day several hundred dead ants 
were on the mound. The colony was 
weakened but not killed as, later, when 
the colony moved they carried away 
pupae. For 2 weeks after being fed the 
poisoned food, these ants ignored any 
food from the spot used for the poison. 
It was six weeks before they would touch 
a sugar-water solution. The poisoned 
solution was consistently refused regard- 
less of container or place. 

This evidence from a colony that did 
not have adequate food and the un- 
promising results from field trials with 
foods, indicate that use of poisoned food 


is not a satisfactory method of control for 
these ants. 

Fumigation has been tried by a number 
of workers. Peirson (1922) tried potassium 


cyanide, corrosive sublimate, carbolic 
acid, kerosene, gasoline, napthalene, and 
carbon disulfide in control experiments. 
Carbon disulfide alone was effective. 
Manter (1925) found that calcium cya- 
nide was effective. Johnson & Friend 
(1941) found methyl bromide was more 
effective than carbon disulfide; rotenone 
showed promise. 


Merny. Bromipe Trests.—During the’ 


summer of 1944 and the spring of 1945, 
31 mounds were treated with methyl 
bromide. This was injected at points from 
6 to 18 inches beneath the top of the 
mound by means of a special applicator 
by which exact dosages could be measured 
in cubic centimeters. Preliminary dosages 
of 50 and 100 ce. were used on two active 
colonies. After 2 days the ants were mov- 
ing about on the mound but were not 
conducting normal activities. After a 
week the lower half of the mound was 
covered by dead ants apparently removed 
from the mound, but the ants in these 
two mounds finally succumbed. 

The success of the preliminary tests led 
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to the treatment, in the fall of 1944, of 
25 mounds in a clearing, in the same 
manner with dosages varying according 
to the size and symmetry of the mounds. 
Examination a month after treatment 
showed 52 per cent of the colonies were 
killed by the treatment. By the spring of 
1945, 60 per cent were dead, but four 
more old mounds had been occupied. 
Retreatment of these and the remaining 
mounds that showed some active colonies 
eliminated the major portion of the ants. 
After a year, ants had again occupied 
some of the mounds indicating the ne- 
cessity of control measures in the sur- 
rounding woods or continuing treatments 
at intervals as ants migrated into the 
clearing. Unsymmetrical mounds, as those 
with the cone injured by any cause such 
as by falling trees or by the hoofs of ani- 
mals, required larger dosages than sym- 
metrical mounds. 

PARADICHLOROBENZENE  TESTS.—Dur- 
ing the fall of 1944 and the spring of 1945, 
11 mounds were treated with 4, 8 or 16 
ounces of paradichlorobenzene. In only 
one mound, which was treated with 16 
ounces of paradichlorobenzene, was the 
colony completely eliminated. In the other 
tests, temporary reduction of activities 
was apparent; but in time, each treated 
mound showed resumption of normal ac- 
tivities including repair of the mound or 
extension to one side and construction 
there of a normal mound. 

Tests With DDT.—Tests were made 
with 20 per cent DDT in pryophyllite and 
a few strengths of a DDT emulsion. The 
emulsion was made by dissolving 20 parts 
of DDT in 60 parts of xylol and emulsify- 
ing with an emulsifier. This emulsion was 
diluted to the strength of DDT desired. 

On May 3, 1944, four mounds were 
dusted with 20 per cent DDT in pyro- 
phyllite. —Two weeks after treatment, 
activity in these mounds was not greatly 
changed. One mound was dusted a secon 
time, but activity of the ants remaine: 
normal. The others were sprayed with 2 
per cent DDT in August. The next spring 
these three were inactive. 

Four mounds were sprayed with 0.4 per 
cent DDT emulsion. Two weeks later the 
colonies showed normal activity. Three 
were retreated with 0.4 per cent DDT. 
The rest of the summer these colonies 
showed some activity, but the mounds 
were not repaired or kept free of growing 
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plants. The following spring, one showed 
some activity. The other two were dead. 

In April 1945, nine mounds were 
sprayed. Five of them were sprayed 
heavily with 0.8 per cent DDT emulsion. 
Three of these were low mounds in a grass 
field. A week after treatment, dead ants 
were present on the mound, but some of 
the ants were still carrying on the usual 
activities of the colony. The other two 
colonies showed no reduction in activity. 
Four mounds were sprayed with 0.4 per 
cent DDT. Dead ants were not found on 
these mounds and after one month no 
reduction in activity was apparent. 

The stronger of the two DDT emulsions 
destroyed many ants and showed promise, 
in repeated applications, of being effective 
in the control of this ant. The weaker di- 
lution was ineffective and two applications 
of 20 per cent DDT dust were likewise 
ineffective. 

Fumication—Ten colonies _—were 
treated in 1945 with a new trade marked 
soil fumigant? at the rate of 50, 100, 200, 
and 400 cc. per mound. The lower 
amounts were poured through a pipe 
having perforations on the side at the 
pointed end. The 400 cc. dosage was dis- 
tributed in six separate thrusts of the pipe. 
The colonies in two small mounds were 
eradicated by a single treatment of 100 cc. 
each, and the colony treated with 400 ce. 
was killed. All other treatments were in- 
effective. 

Soprum FLuorine AND Cryo.Lite Mrx- 
TURES.—Sodium fluoride tested in the 
summer of 1946 showed greater promise 
in the control of this ant than any previ- 
ously employed chemical and has the ad- 
vantages of ease of application, avail- 
ability, and reasonable cost. The fluoride 
was superior to the cryolite mixtures al- 
though one application of the undiluted 
cryolite gave a decided reduction in ac- 
tivity of the ants. 

For these tests 36 mounds were used. 
Fifteen were treated with sodium fluoride. 
Eleven of these colonies were killed, and 
the others showed great reduction in pop- 
ulation. The remaining 21 were treated 
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with cryolite compounds. Only one colony 
was eradicated, and this was treated with 
a fluorine compound? containing sulfur. 
Five others showed great reduction in num- 
bers. The rest showed little effect of the 
materials used. An important point seems 
to be the completeness of the band of 
material around the periphery of the 
mound. Dusting the whole mound did not 
increase the effectiveness of any of the 
materials, 

SummMary—Under natural conditions, 
Formica exsectoides colonies are active 
from April to October. During this time 
new colonies are established by swarming, 
winged males and females are developed in 
numbers and the colony increases in popu- 
lation. Food is the honeydew obtained 
from honeydew-producing insects found 
on the trees and the soft parts of insects 
picked up on the ground. 

In artificial nests held at approximately 
70° F. eggs required an average of 19.4 
days to hatch, larvae completed develop- 
ment in an average of 37.1 days and pupae 
needed an average of 25.1 days before 
callows emerged. Two weeks were re- 
quired for the callows to darken into nor- 
mal workers. 

All foods successfully used for artificial 
colonies were mixtures of a carbohydrate 
and a protein. For the carbohydrate por- 
tion 25 per cent honey was the most satis- 
factory. It apparently supplied the carbo- 
hydrate and some of the minerals and 
vitamins necessary since similar strengths 
of the pure sugars did not enable larvae to 
complete development. Liver broth, or 
250 milligrams of liver extract per 100 cc. 
of liquid, satisfactorily supplied the rest 
of the minerals and vitamins as well as the 
protein. 

The most satisfactory control used was 
the placing of a complete barrier band of 
sodium fluoride around the periphery of 
the nest. Fumigation with various ma- 
terials presented difficulties in application 
and were only partially effective. Control 
by poisoned baits was unsatisfactory due 
to the abundance of natural foods and the 
discrimination of the ants. 


2 Kryocide Pennsylvania Salt Co. Philadelphia, Pennsylvania. 
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Control of the Spruce Mite 


R. B. Nerswanver and J. G. Roprieuez, Ohio Agricultural Experiment Station, Wooster 


The spruce mite, Paraietranychus unun- 
guis Jacobi, frequently becomes trouble- 
some in Ohio during hot, dry seasons. It 
has been observed most often on arbor- 
vitae, spruce, and juniper. At the outset, 
the foliage of infested trees loses its deep 
green lustre and later becomes bronzed or 
rusty. In instances of severe attack, the 
plants may be defoliated. Young trees or 
recent transplants may be killed in one 
season and older trees may be severely 
injured and become unsightly. 

Relatively few publications have ap- 
peared which suggest control measures for 
this pest. The use of dormant oils is some- 
times recommended but when applied at 
a strength that will kill the overwintering 
eggs, certain species of evergreens, par- 
ticularly spruces, may be injured. Dor- 
mant lime-sulfur is less effective and not 
very satisfactory. 

Superfine sulfur dust has been recom- 
mended for use during the summer 
months. It will greatly reduce a popula- 
lation, but repeated applications must be 
made to yield control. Also, if applied 
heavily, it leaves a residue that may be 
objectionable, and at temperatures above 
80° F. burning may result. 

Experiments -in control of the spruce 


mite were begun at the Ohio Agricultural 
Experiment Station during the summer of 
1945. At that time, a heavy infestation 
was observed on a small planting of arbor- 
vitae in a nursery at Ghent. A replicated 
series of experiments was carried on in 
this planting. The experimental area in- 
cluded 32 trees varying in height from 18 
to 36 inches. Each tree was considered as 
a plot which permitted eight replications 
of three treatments and an untreated 
check. The sprays were applied on June 19 
with a small power sprayer at a pressure 
of approximately 225 pounds. Four days 
later, living and dead mites were counted 
on twig samples taken from each tree. The 
data obtained are summarized in table 1. 

Although living mites were abundant on 
the check trees, none was found on the 
trees thai were sprayed with Dowspray- 
17. The Mannitan monolaurate com- 
pound also yielded good results. The 
grower further checked the effectiveness 
of the materials by holding a white paper 
beneath a branch of one or more trees in 
each treatment and then jarring the 
branch sharply. In that manner he found 
many living mites on the check trees, but 
none on the trees sprayed with Dowspray- 
17. Later, he sprayed the remainder of the 
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Table 1.—Spruce mite mortality on arborvitae 
4 days after treatment. 








Numper| Perr 
Mites } CENT 


MarTeriats Usep Countep| Deap 





A mannitan monolaurate preparation,! 
1 part to 400 parts water 168 
A dinitro compound,? 12 ounces in 100 
gallons 198 
Flotation sulfur paste, 8 pounds in 100 
246 | 


98.8 
100.0 





| 87.4 


gallons 
Check (not treated) | 356 3.9 





1 NNOR, a commercial preparation of the Atlas Powder Com- 
pany, containing 1.0 per cent rotenone, other derris extractives, 
and mannitan monolaurate. 

2 A commercial preparaticn of the Dow Chemical Company 
containing 13.8 per cent dinitro-o-cyclohexylphenol, dicyclo- 
hexylamine salt. (Dowspray-17) 


planting with this material and was well 
pleased with the results. 

In 1946 another series of experiments 
was carried on in a larger planting of 
arborvitae in the same nursery.' 

The experimental area included 150 
trees of approximately the same size as 
those employed in 1945. It was divided 
into 5-tree plots in order to accommodate 
five treatments and a check, each repli- 
cated five times. Each treatment, there- 
fore, was applied on 25 trees. Four sprays 
and one dust were tested in an application 
made June 11. The sprays were applied 
with the sprayer used in 1945 and the dust 
with a rotary hand duster. Three days 
after the materials were applied a suffi- 
cient number of twig samples were ex- 
amined from each plot to yield a total of 
100 mites. The data obtained are pre- 
sented in detail in table 2. 


Table 2.—Mortality among 100 mites from 
each arborvitae plot 3 days after treatment. 
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REPLICATIONS 
; - Aver- 
Marertats Usep 2 $4 AGE 








A chloropheny!] compound, 

1 part to 400 parts water 99 100 95 100 96 
Same, 1 part to 300 parts 

water 100 100 95 99 
A chlorophenyl compound,? 

1 part to 400 parts water 90 93 90 93 97 
Dowspray-17, 12 ounces in 

100 gallons 100 100 96 100 99 99.0 
A DN dust? 84 89 79 92 92 87.2 
Check (not treated) 0 0 0 0 0 0 


98.0 
98.8 
92.6 





1 An experimental preparation of the Dow Chemical Com- 
pany pores 90 per cent 1,1-di(x-chloropheyn]) ethane 
(C-620 

* Anexperimental preparation of the Dow Chemical Company 
similar to C-620, containing 98 per cent 1,1-di(x-chloropheny] 
ethane (C-420). 

3 A commercial preparation of the Dow Chemical Company 
containing .25 per cent dinitro-o-cyclohexylphenol, dicyclo- 
hexylamine salt (DN-Dust 269). 





1 This work was done in cooperation with the Dow Chemical 
Company in order to test new materials. The company provided 
the materials and paid part of the expenses of the project. 
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As indicated in table 2, the records 
obtained were unusually uniform. An 
analysis of variance indicated that DN 
Dust 269 was significantly less effective 
than C-620 and Dowspray-17. In a similar 
count made 6 days later, this difference 
had largely disappeared. All of the ma- 
terials tested seemed very effective. The 
results of the two counts are summarized 
in table 3. 


Table 3.—Average mortality of spruce mites 
on arborvitae after one application. 








Per CENT 
Drab 





In 9 
days 


In 3 


MateriAts Usep days 





C-620, 1 part to 400 parts water 98 96 ./ 
C-620, 1 part to 300 parts water 98.8 95. 
Cr420, 1 part to 400 parts water 92.6 96 .6 
Downspray-17, 12 ounces in 100 

gallons 99 99. 
DN Dust' 269 87.2 92. 
Check (not treated) 0 6. 





1 See notes under Table 2. 


On June 20 each material was applied 
a second time on the same series of plots. 
June 25, spruce mite mortality records 
were taken for the third time. The data 
obtained are summarized table 4. 


Table 4.—Average spruce mite mortality after 
two applications. 








Per CENT 
Derap 
AFTER 
SECOND 
APPLICATION 


Mareriats Usep 
C-620, 1 part to 400 parts water 100 
C-629, 1 part to 300 parts water 100 
C-420, 1 part to 400 parts water 98 .2 
Downspray-17, 12 ounces in 100 gal- 
lons 100 
DN Dust 269 96.4 
Check (not treated) 21.4 








All materials again yielded excellent 
results. No living mites were observed on 
the plants sprayed with Dowspray-17 or 
C-620. No injury that was caused by the 
materials was observed, although the DN 
Dust 269 \eft a visible residue that might 
objectionable in a nursery. The mortality 
on the untreated trees increased as the 
season advanced, but the population also 
increased. On June 25, -when the last 
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mortality record was taken, many of the 
untreated trees had taken on a rusty 
brown color and in most cases could be 
detected without consulting the label 
stakes. 

While the work was in progress at 
Ghent, a relatively heavy infestation of 
spruce mites was found on white spruce in 
a small nursery at Doylestown. The trees 
in the latter planting were approximately 
the size of those at Ghent, but several 
were already injured by mites. Arrange- 
ments were made to repeat in this plant- 
ing the series of tests carried on at Ghent. 
Plots were arranged in the same manner, 
using five replications of each materials 
on five-tree plots. The materials were 
applied on June 26 and counts were made 
3 days later. The data obtained are sum- 
marized in table 5. 


Table 5.—Average mortality of spruce mitcs 
on white spruce 3 days aftr treatment. 








Per Cent 


Mareriats Usep Drab 


C-620, 1 part to 400 parts water 86. 
C-620, 1 part to 300 parts water 96. 
C-420, 1 part to 400 parts water 91. 
Downspray-17, 12 ounces per 100 gal- 

lons 98. 
DN Dust 269 98. 
Check (not treated) 14. 








Each material again yielded excellent 
results. DN Dust 269 seemed somewhat 
more effective on spruce than on arbor- 
vitae. It seems probable that this was due 
to the more resinous nature of the white 
spruce twigs which caused the dust to 
adhere more effectively. 

One week after the experimental treat- 
ments were applied, the entire block, 
which contained about 500 trees, was 
divided into three sections. Each was 
treated with one of the three most promis- 
ing materials used in the experimental 
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setup. Counts were made 5 days later by 
counting living and dead mites on samples 
taken at random in each plot until ap- 
proximately 300 mites were counted. The 
data obtained are summarized table 6. 


Table 6.—Average spruce mite mortality on 
white spruce 5 days after treatment. 








Per Cent 


Martertiats Usep Deap 





C-620, 1 part to 300 parts water 94.4 
Downspray-17, 12 ounces in 100 gal- 

lons 99.7 
DN Dust 269 100. 





As indicated in the table, no living mites 
were observed on the samples examined 
from the dusted area and only one was 
seen on those from the area sprayed with 
Dowspray-17. Some of the plants that had 
been sprayed on June 26 appeared to be 
recovering from the spruce mite injury. 

SumMary—When conifers were sprayed 
with Dowspray-17 at the rate of 12 ounces 
in 100 gallons of water, the average spruce 
mite mortality in six tests was 99.4 per 
cent. Three of these records were taken 
within 5 days after a single application, 
one was taken 9 days after a single appli- 
cation and two were taken 5 days aftera 
second application had been made. 

Four other materials were tested that 
yielded good results. (1) DN Dust 269 
leaves a visible residue, but should prove 
satisfactory where such a residue is not 
objectionable. (2) NNOR was used in one 
test only. Nos. (3) and (4) C-420 and C- 
620 are experimental materials and at 
present are not on the market. 

Finally, it may be said that this work 
resulted in finding three materials now 
available which give good control of the 
spruce mite and, in addition, two new 
experimental materials were used that 
show definite promise. 
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SCIENTIFIC NOTES 


Control of the Tomato Fruitworm 
in 1946 


E. H. Firoyp, Louisiana Agricultural 
Experiment Station, Baton Rouge 


Fora number of years, experiments have been con- 
ducted by the Department of Entomology of the 
Louisiana Agricultural Experiment Station to test 
the effectiveness of various insecticides on control of 
the tomato fruitworm, Heliothis armigera (Hbn.), 
infesting tomatoes. 

Past experiments have been concerned with the 
combination of a fungicide or several fungicides with 
the insecticides being tested. Fungicides used were 
usually of the fixed copper group. Under this setup, 
all plots in the experiment did not necessarily re- 
ceive the same fungicide, and some plots received 
no fungicidal treatment. Insecticides tested were 
those commonly used, as well as new ones entering 
the field in an experimental manner. The arsenicals 
(lead and calcium arsenates), cryolite in various 
dilutions, DDT, and benzene hexachloride were 
among those tested. 

The growing of fall tomatoes is a delicate problem 
in Louisiana and is not always successful. As a rule, 
the fruitworm is a more serious pest at this time 
than in the spring. This is perhaps due in part to the 
absence of corn to entice moths away from the to- 
mato field at this season of the year. It is generally 
conceded by entomologists that tomato fruitworm 
infestations in spring-grown tomatoes drop rapidly 
when corn begins to silk. 

The experiment on fall tomatoes in 1946 differed 
from previous tests in that fungicides were elimi- 
nated from all of the insecticides. The entire field was 
treated for disease contro] but the applications were 
made independent of the insecticides. The fungicide 
treatment consisted of alternate applications of tetra 
copper-calcium oxychloride,’ containing 5 per cent 
metallic copper, and zinc dimethyldithiocarbamate.? 
Two applications of each were made, beginning in 
the pre-bloom stage. 

A field approximately 0.75 acre in area that had 
been planted in mid-July to the Louisiana Red 
variety was used in the experiment. The plants were 


1 Copper A. 
2 Zerlate. 


spaced 2 feet in the row and the rows were 46 inches 
apart. Normal recommended practices of culture 
were followed, and the plants were staked and kept 
tied. The field was laid off in a 5X65 latin square, 
each plot being 55 feet long and 23 feet wide and 
containing 6 rows with a total of 165 plants. The area 
of each plot was .029 acre. At the ends of each plot 
was a 10-foot buffer space unplanted. 

The following insecticides were used in this ex- 
periment: 

1. DDT—8% 

2. Chlordane*—2% 

8. Cryolite—95% (Synthetic), containing 5% 
conditioner 

4. Calcium arsenate 

5. Check (no treatment) 

A diluent‘ was used in the DDT. The same ma- 
terial was used as the conditioner in the cryolite. 

Apptications.—The plan of the experiment was to 
make the first application at the time the fruit on 
the first cluster eon to form and to make subse- 
quent applications at weekly intervals until the first 
fruit matured or showed signs of ripening. This 
schedule was adhered to as nearly as possible. How- 
ever, application No. 1 should have been niade two 
or three days earlier because at this time some of the 
fruit was marble size. 

Applications were made in the mornings with 
handguns, the operator applying the dust but once 
to the row. However, an effort was made to cover as 
much as possible of the plant surface by moving the 
nozzle up and down. Every application was made 
under adverse weather conditions, so far as wind 
velocity was concerned. However, no application 
was washed off by rain under 48 hours. A totalof five 
applications was made at an average of 7-day inter- 
vals. The dusting dates were as follows: September 
18, 19, 24, October $ and 10. An effort was made to 
apply the dusts as uniformly as possible; however, in 
order to secure proper coverage the rate per acre 
varied between some of the treatments, owing to 
differences in density and other physical properties 
of the insecticides. The last application was made 
on the date of the first harvest of fruit. 

Recorps.—The two center rows of each plot were 


3 Velsicol 1068. 
4 Attaclay. 


Table 1.—Showing treatment yields with statistical analysis. 








AVERAGE 


Prot YIELDS 


INCREASE 
Over CHECK 
Loss Per 





Rate 


TREATMENT PER ACRE Sound 


Sound Fruit Acre From 
per Acre** Worms** 


Wormy 


Wormy Frurit* 





Number 
3476 
3067 
8675 
3057 
2759 


Pounds 
DDT—3% 25.5 
Velsicol—(1068) 2% 28.8 
Cryolite 22.2 
Calcium Arsenate 15.3 
Check 


Number 


Pounds Pounds 
4016 389 
1618 2490 
5134 664 
1668 1280 

4177 


Per Cent 
70 1.97 
445 12.66 
109 2.87 
229 6.96 
746 21.28 





Minimum difference re- 
quired for significance 


3.37 





* Based on number of fruit. 
** Based on average weight per fruit. 
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used as record rows. These two rows contained an 
average of 55 plants. When there was a missing 
plant in one of the record rows, the plant opposite 
in the adjacent row was substituted. The fruit was 
harvested just as the color began to show pink. Ten 
harvests were made at approximately 3-day inter- 
vals. Immediately following a harvest the fruit was 
examined and graded into two classes: wormy and 
sound. The total number of fruits in both classifica- 
tions was recorded, and the combined weights of 
both groups taken. The weights from all plots were 
combined and an average weight per fruit was de- 
termined.’ From this figure the yield in pounds per 
acre was calculated. Table 1 shows the differences 
in worm infestation by treatments with statistical 
analysis, and calculated increased yields of sound 
fruit pergcre by treatments. 

Discussion oF Resutts.—DDT gave a control of 
the worms representing less than a 2 per cent loss, 
while the check suffered over a 20 per cent loss. 
Cryolite ranked second to DDT with less than a $3 
per cent loss, while calcium arsenate and chlordane 
suffered approximately 6 per cent and 12 per cent 
injury, respectively. Calculated yields on the acre 
basis showed that in the check there was a yield of 
15,457 pounds of worm-free fruit as compared to 
19,473 pounds and 20,591 pounds for the DDT and 
cryolite treatments, respectively. This represents a 
significant increase in yield of approximately 20 to 
25 per cent. The chlordane and calcium arsenate 
plots produced 17,179 and 17,125 pounds, respec- 
tively, of worm-free fruit per acre. Analysis of vari- 
ance, based on numbers of fruit attacked, showed 
that all treatments resulted in significant control 
over the check; however, both DDT and cryolite 
were significant over calcium arsenate and chlor- 
dane. There was no difference in control between cry- 
olite and DDT. 

Summary.—An experiment conducted for the con- 
trol of the tomato fruitworm on fall-grown tomatoes 
is reported. The plots were arranged in a 5X5 Latin 
square. The methods of treatment and sampling em- 
ployed are described. 

Results of this experiment are as follows: DDT, 
2 per cent fruit wormy; cryolite, 2.8 per cent; 
calordane, 12.6 per cent; calcium arsenate, 7 per 
cent; and check, 21 per cent of fruit wormy. All 
treatments were significant over the check in con- 
trolling the fruitworm; however, DDT and cryolite 
were significant over all other treatments. There was 
no difference between DDT and cryolite. 

The increase by treatments of sound fruit per acre 
is as follows: DDT, 4016 pounds; cryolite, 5134 
pounds; chlordane, 1618 pounds; calcium arsenate, 
1668 pounds. The check yielded 15,456 pounds of 
worm-free fruit.—2-7-47. 


5 This figure is 4.34 ounces. 





Liquefied Gas Aerosols for Control of 
Insects on Eggplant and Broccoli’ 


Howarp B. Owens, L. P. Ditman, and GrorcE 
Burxuarpt, College Park, Maryland 


Preliminary experiments on control of the egg- 
plant lace bug Gargaphia solani Heid. with DDT 
aerosols were carried out in 1944 (Smith et al. 1945) 
and repeated on a more extensive scale in 1945 
(Owens & Ditman 1946). In 1946 approximately 


1Richmond Program Paper. 
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six-tenths of an acre of eggplant was made available 
on the same farm where the 1945 tests were con- 
ducted. This field contained 1991 plants which had 
been set in late May. Except for two untreated 
check rows the plants received weekly aerosol treat- 
ments, beginning on June 8 and ending August 23. 
The first treatment was applied with a knapsack 
type dispenser equipped with a single nozzle; the 
succeeding treatments were applied with a single 
row hand drawn dispenser equipped with a 6 ft. 
muslin apron, This machine in the second, third, and 
fourth treatments was used with one nozzle directed 
downward; in succeeding treatments with four 
nozzles, two on each side of the row, directed in- 
ward. The aerosol solution contained 50 per cent 
Freon 12, 5 per cent DDT, 5 per cent cyclohexanone, 
5 per cent Velsicol AR60 and 35 per cent acetone. 
The amounts per application varied from 2 pounds 
8 ounces on July 1 to 12 pounds 6 ounces on 
August 12. A total of 81 pounds 13 ounces liquefied 
gas solution was used, averaging about 8 pounds 3 
ounces per application. 

Population records based on counts of 50 plant 
samples taken at random were kept on flea beetles, 
no attempt having been made to segregate species, 
the eggplant lace bug, and the margined blister 
beetle Epicauta solani Werner; they appear in table 
1. In studying table 1, it will be observed that the 
heaviest movement of eggplant lace bug to the 
treated plants occurred between June 29 and July 
15, while on check plants the adult lace bug popula- 
tion remained rather constant until after the last 
treatment. That there was considerable reduction of 
lace bugs in the check row caused by insecticidal 
drift is shown by the reduction of check populations 
after treatment and by the rapid build-up of the 
adult population of the check plants 11 and 24 days 
after treatments were discontinued. There was 
apparently sufficient residue on treated plants to 
regard the build-up of infestation at least 24 days 
after treatments were discontinued. The effective- 
ness of the treatment on eggplant lace bug is further 
emphasized by the almost complete reduction of 
nymph masses. 

Flea beetles began to migrate to young plants as 
soon as set, the heaviest period of migration accord- 
ing to table 1 occurring during July. The large num- 
ber of flea beetles per plant during July may not, 
however, be caused so much by a greater number of 
migrating beetles in the area at this time as by the 
ability of larger plants to support larger populations. 
The flea beetle population in the check rows was not 
affected as much as the eggplant lace bug by insec- 
ticidal drift. 

Eggplant shows a marked growth response when 
protected from insects by efficient insecticidal treat- 
ment. A total of 293 bushels of fruit was harvested 
with an average production of .155 bushel per 
treated plant as compared with an average of only 
.024 bushel per plant in the untreated portion of 
the field. 

Approximately an acre of broccoli located near 
Cambridge was made available by the Trappe Can- 
ning Co. for exploratory work with aerosols. The 
field was divided into five blocks, each containing 
four plots of three rows each. A single plot in each 
block was used as check; the other three received 
treatments as follows: application every week, every 
2 weeks, and when required by evident increase in 
infestation. An aerosol of the formulation used on 
eggplant was applied with a similar machine equipped 
with four nozzles, Treatments were begun on July 
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Table 1.—Summary of insect populations on treated and untreated egg plants throughout the 


season. 








LACEBUG 
Masses or NYMPHS 
Reduc- 

tion 
per 
cent of 


Treated Check check 


EGopLant ADULTS Fiea BEETLES 


BLISTER 
BEETLES 


Reduc- 

tion 

Population per 
—_—_—---—--——— cent of 
Treated Check check 


Population 
—centof — 


Treated Check 


Population 


Population 


DaTE 
June 17! 0 
19 0 
25 1 
26 4 
29 19 39 
1 “ ‘ 
3 85 
gi 
10 
15! 
17 
221 
24 
291 
31 30 
5 42 
7 17 
12 53 
14 13 
19 90 
23! { of 84 
Sept. 3 6 229 
16 10 458 98 


Treated Check check 





0 55 0 0 
100 3 70 96 0 
33 69 0 
41 75 0 
100 36 91 0 
82 122 
243 76 
448 
31 490 94 
709 
844 99 
28 875 
19 998 99 
93 788 
0 689 
31 301 
0 149 
41 260 
100 1 61 
84 562 
347 
254 
711 


~ 


100 


hs) 
COWS OK KH OW KOH 


100 


100 


eee 
ours 


eo 
o 


100 
115 
95 83 


es 
Sze 


- 





1 Counts made immediately before treatment. 


Table 2.—Summary of insect population on treated and untreated broccoli throughout the season. 
Cabbage Worm populations are based on actual number of such insects. Aphid populations are based 
on the number of plants serving as hosts for either light or medivm infestations. 








PopvuLaTION or CABBAGE 
)ORMS 
— TREATED 
Treated Treated WEEKLY 
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15! 
17 
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1 Counts made immediately before treatment. 





1 Counts made immediately before treatment. 


and that the insecticidal drift greatly reduced in:- 


3 and continued through August 22. Population 
festations in the check plots. The treatments re- 


records were kept collectively on the two cabbage 


worms Pieris rapae (L.) and Trichoplusia ni (Hbn.) 
and on the cabbage aphid Brevicoryne brassicae 
(L.). 

The results are given in table 2. Examination of 
the table shows that the DDT aerosol was highly 
effective against the two species of cabbage worms 


duced the aphid infestation, but there was appar- 
ently a rapid build-up after treatment. There was no 
growth response following treatments as in the case 
of eggplant, the plants in check plots being just as 
vigorous as those which had received treatment.— 
12-19-46. 
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Fly Control in Dairy Barns and on 
Livestock by Cooperative Spray 
Services’ 


Ernest N. Cory and Grorae S. LANGrorp, 
University of Maryland, College Park 


During 1944 and 1945 the writers investigated the 
effectiveness of DDT in various forms and formula- 
tions as a barn and livestock spray for the control of 
flies. Work was done on over 100 farms. The results 
obtained were so satisfactory on the whole that those 
farm leaders familiar with the work expressed a de- 
sire for the establishment of cooperative services 
whereby farm people could obtain effective and 
efficient work on an economical basis. 

Beginning in the early winter of 1946, cooperative 
programs were encouraged in six counties. These 
counties were for the most part located in thos? 
areas where dairy interests are important. In all of 
the counties with the exception of one, the coopera. 
tive arrangement was between the Entomology De- 
partment of the University of Maryland, the County 
Farm Bureau, and the County Agricultural Agent- 
In the operation of the programs, the Department of 
Entomology at the University prescribed the mate- 
rials, the dosages, methods of application, and made 
observations on results obtained. The County 
Farm Bureau furnished the equipment, hired the 
help and paid the bills, while the local extension office 
supervised the technique of applying the material 
and assisted in recording and analyzing the results. 
In one county the work was maintained on an experi- 
mental and demonstrational basis, and the county 
commissioners cooperated in financing the work. 

The outlines drafted by the Department of Ento- 
mology called for the participation of a minimum of 
100 farmers in each county to accept three ap- 
plications of spray at a total cost for all appli- 
cations, not to exceed $30.00 for a 50-cow dairy 
barn. The estimated cost for spray equipment was 
$2000 and it was to be amortized over a period of 
three years. The soundness of the plan was demon- 
strated by the fact that the demand for service was 
over-subscribed, all equipment was paid for during 
the summer and the cost for service was on the aver- 
age less than the estimate. In one county two addi- 
tional machines were purchased in 1946, to meet 
current demands. Additional equipment will be 
purchased in 1947, because the services rendered 
thusfar have created ademand from practically every 
farm for inclusion in future plans. 

The work on fly control involved the use of 95,500 
gallons of material in spraying 3584 farm buildings 
and 18,155 farm animals, mostly dairy cows. DDT 
wettable powder was used throughout the demon- 
strations at the rate of 1 per cent of actual DDT for 
all the barn spraying. At the onset 0.25 per cent 
DDT was used on the first herds, but it was soon 
determined that it was more economical to use the 
same strength in spraying animals that was being 
used for the barns, as the saving in material was 
more than offset by the extra labor in change over 
in the field. Pressure of 400 to 500 Ibs. was used in 
most of the work, as such pressure atomized the 
spray efficiently, drove it into all cracks, and crev- 
ices, and was especially efficient in the treatment of 


1 The supervision of the cooperative programs and the collec- 
tion of the data was the function of the following county agricul- 
tural agents: O. W. Anderson, H. W. Biggs, L. C. Burns, H. B. 
Derrick, H. M. Carroll, J. W. Eby, and W. G. Myers. 

2 Richmond Program Paper. 
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animals, insuring the most lasting effectiveness. 

The costs varied somewhat in the several counties 
due to different bases for charges. Some counties had 
service charges plus 17 cents per square foot of wall 
surface. Some counties charged on the basis of the 
number of gallons used. The charges varied from 15 
to 20 cents per gallon, Charges were also based upon 
a unit price of 20 cents per stanchion in some dairy 
barn operations. The cost per barn varied from 
approximately $6.00 to $10.00 per application for a 
5u-stanchion pdms In one county the average cost 
per building based on an approximately average size 
of barns of 36’ 50’ X10’ was $3.16 per application. 
The cost for spraying animals varied from 5 cents 
per calf to 10 cents per yearling or older animals. 
Other animals such as hogs were often sprayed but 
no separate schedules were set up in such cases. 

The results obtained in fly control were outstand- 
ing in barns and on animals. In barns the lasting 
qualities of the spray varied from 6 to 15 weeks with 
10 weeks representing a fair average. In all in- 
stances three applications proved effective for the 
entire season; in most cases two applications were 
all that were needed, and in some cases one applica- 
tion was sufficient. The lasting qualities of the spray 
s emed to be best in barns with a rough wall surface 

iless the surface was coated with dust at the time 
of application. In such cases the residue seemed to 
flake off with the dust. 

Excellent results were obtained by spraying ani- 
mals. Sprayed animals in general were freed of flies. 
They remained much quieter, and stayed in the 
open, grazing peacefully. Numerous dairymen re- 
ported increased milk production; normally they 
expect a decrease in production during fly season. 

Sprayed animals were protected for periods of 
from 3 to 6 weeks unless subjected to heavy rainfall. 
Sprays applied with power equipment gave protec- 
tion to animals for much longer periods than those 
applied with hand equipment. Material applied 
under pressure of from 400 to 500 lbs. often lasted 
up to 6 weeks, whereas with low pressure, and in 
particular with hand sprayers, the period of protec- 
tion decreased to as short as 5 days. 

At the beginning there was considerable skepti- 
cism on the part of many farmers, but euthusiasm 
for the work gained momentum as the season pro- 
gressed. Fear was expressed by many dairymen as 
to the possibilities of injury to their animals and 
the influence of the spray on dairy scores. No ad- 
verse effect on cows was discernible and dairy scores 
were not reduced. Late in the summer dairy inspec- 
tors did not insist on the maintenance of screening. 

The combination of spraying both buildings and 
animals practically eliminated flies as a nuisance on 
premises so treated. On dairy farms where only the 
buildings were sprayed, many flies would come in 
each morning and evening with the animals. Where 
the animals were sprayed along with the buildings, 
this did not occur. 

At the end of the fly season surveys were made to 
obtain the reaction of the farmers on the value and 
effectiveness of the program. The farmers who used 
the service on the whole felt that the service pro- 
vided better results at a lower cost than could be ob- 
tained with the hand equipment ordinarily in use 
on the farm. Only 5.2 per cent of the farmers sur- 
veyed felt that they could provide for themselves 
equal results with the same degree of economy. Prac- 
tically every farmer using the service was enthusi- 
astic about the results. 

The success of the fly program led to a demand for 
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other work, such as the control of mosquitoes, lice, 
and Japanese beetles. Actually any project of general 
public concern is susceptible of attack Ly this meth- 
od of cooperative services. 

Benzene Hexacuvoripe as A Barn AnD CaTTLe 
Spray.—In connection with the fly control work out- 
lined benzene hexachloride was tested rather ex- 
tensively as a barn and animal spray. Because of the 
odor of this material, all work was confined to ani- 
= and buildings other than those associated with 

irying. 

The material used was a 50 per cent wettable pow- 
der prepared from material containing 10 per cent 
of the gamma isomer. This material was compared 
pound for pound with DDT. Excellent results were 
obtained in all tests. Fly knockdown was more rapid 
than with DDT and residual action in barns and on 
animals seemed to be just about as effective and last- 
ing. In several instances the lasting qualities seemed 
to be better for DDT than for benzene hexachlo- 
ride. However, the variations in lasting qualities were 
equally as variable among barns sprayed with DDT. 
Where herds of animals were divided and sprayed 
no differences were noted, hence the variations may 
not be significant. 

Summary.—It has been demonstrated to the 
satisfaction of the county agricultural agents and to 
the Department of Entomology that cooperative 
spraying services for the control of flies on farms can 
be accomplished efficiently and economically when 
an adequate number of high powered spraying out- 
fits are available and well thought out plans of 
operation, especially advance scheduling and routing 
are prepared. Cooperative groups such as the farm 
bureaus are desirable as sponsoring agencies since 
they represent the majority of the farmers and are 
in a position to finance the initial costs, which can 
be amortized even at the present low unit costs. The 
virtual elimination of flies from sprayed premises 
means much in comfort, increased production, and 
protection of health.—1-15-47. 





Pre-treating House Flies with Syner- 
gists Before Applying Pyrethrum 
Sprays’ 

Artuur W. Linpauist, A. H. Mappen, and H. G. 


Wuson, U.S.D.A., Agr. Res. Adm., Bureau 
of Entomology and Plant Quarantine 


It has been known for several years that certain 
chemicals, when added to pyrethrum, increase the 
knock-down and mortality of insects. Eagleson 
(1940, 1942) and Haller et al. (1942) reported on the 
effect of sesame oil on the insecticidal action of 
pyrethrum against house flies. Bushland et al. (1944) 
found that the toxicity of pyrethrum against the 
human body louse, Pediculus humanus corporis Deg., 
could be increased approximately 100 times by 
adding N-isobutylundecylenamide. Several other 
chemicals were found to be effective on flies and 
mosquitoes at the Orlando, Florida, laboratory of 
the Bureau of Entomology and Plant Quarantine. 

Since no previous work has been done on the 
pretreatment of insects—that is, exposing them to 
a synergist first and then to pyrethrum, or vice 


1 This work was conducted under a transfer of funds from the 
Office of the —— General, U. S. Army, to the Bureau of 
Entomology and Plant Quarantine. 

2 This name refers to a commercial product containing a mix- 
ture of certain derivatives of piperonyl cyclohexenone but not 
the piperony! cyclohexenone itself. 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 40, No. 3 


versa—it is the purpose of this paper to compare 
this type of treatment with the usual treatments in 
which the two materials are applied separately or as 
a mixture. 

Mernops.—Small screen-wire cages containing 
laboratory-reared house flies 4 days old were exposed 
to misty sprays in a 100 cubic foot testing chamber 
by a pendulum method (Lindquist et al. 1946). One 
group of flies was exposed to a spray containing 5 
per cent of the synergist dissolved in cyclohexanone, 
and at intervals thereafter separate lots of these 
flies were subjected to a spray containing 0.1 per 
cent of pyrethrins (the active principle of pyrethrum 
in kerosene). Another group of flies was exposed to 
the pyrethrum solution first and then to the syner- 
gist at intervals. Other tests were made in which the 
pyrethrum and synergist solutions were applied 
he and in mixture. “Piperonyl cyclohexenone’” 
was used at a dosage of 0.5 ml. per chamber and 
sesame oil concentrate and N-isobutylundecylena- 
mide at 0.7 ml. The dosage of pyrethrins in each 
treatment was the same as that of the synergist. 
Each test was replicated 6 to 12 times, using approx- 
imately 60 flies per exposure. Knock-down courts 
were taken at 10, 30, and 60 minutes. Mortality 
counts were taken at 24 hours, but are not included 
in this paper because they were all very low. 

Resuits.—Table 1 shows that a greater knock- 
down of house flies resulted when sesame oi] concen- 
trate and “piperonyl cyclohexenone” were applied 
first, followed in 30 seconds by pyrethrum, than 
when the reverse procedure was followed. This was 
not true with N-isobutylundecylenamide. A high 
knock-down resulted when the pyrethrum treatment 
was applied 1, 2, and 4 hours after the synergists. 
The 1-hour delayed treatment appeared to be es- 
pecially effective with sesame oil concentrate and 
“‘piperony! cyclohexenone.” The knock-down at 60 
minutes diminished progressively with the increased 
delay of exposure to pyrethrum with the sesame oil 
concentrate and N-isobutylundecylenamide. 

In a supplementary test in which the pyrethrum 
was applied 1, 7, 24, 48, and 72 hours after the 
sesame oil concentrate, the 10-minute knock-down 
was as satisfactory at 24 hours as it was at 1 hour, 
but little knock-down occurred at 48 and 72 hours. 

When the pyrethrum was applied as the initial 
treatment, followed by the synergists at 1, 2, and 4 
hours, the knock-down was nearly zero in all the 
tests. This suggests that the effect of the pyrethrum 
on the insects is slight and of short duration. The 
relative instability of pyrethrum may also be a 
factor. 

In all these tests the flies showed no symptoms of 
injury after treatment with any of the synergists 
when they were used alone. The flies fed and reacted 
normally for several days after treatment. These 
results suggest that they synergist may cause slight 
injury or disarrangement to nerve or other tissue, so 
that pyrethrum applied later is highly effective in 
producing knock-down. The synergist may also have 
an effect on the absorption of the toxicant through 
the cuticle of the insect. 

A comparison of the knock-down produced by the 
synergist-pytethrum mixture and by the synergist 
followed by the pyrethrum applied singly (synergist 
first), shows that with “piperonyl cyclohexenone”’ 
the mixture is somewhat less effective than the 
separate treatments, but with sesame oil concen- 
trate and N-isobutylundecylenamide the two meth- 
ods are equally effective. 

A series of tests was made using DDT instead of 
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Table 1.—Effect on house flies of spraying pyrethrum and synergist separately and in combination. 
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0 0 
0 0 
0 0 
38 23 
0 0 
0 0 
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pyrethrum with intervals between treatments of 
30 seconds and 1 hour. The synergists did not in- 
crease the knock-down of the insecticide, — 
applied as the initial treatment or the second 
treatment. Neither were there any significant dif. 
ferei ces in the 24-hour mortalities, except that the 
mortality was lower when N-isobutylundecylena- 
mide was applied as an initial treatment followed in 
1 hour by the DDT treatment. It is apparent that 
none of these chemicals increases the effectiveness of 
DDT as it does with pyrethrum.—1-10-47. 
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Mirid Damage to Rye 


GerorceE F. Knowtton, Utah Agricultural 
Experiment Station, Logan 


Leaf spotting and blotching have frequently been 
observed in Utah in grasses on which mirid bugs 
were present in varying abundance. 

A letter from Dr. George R. Hill, Director of the 
Department of Agriculture, American Smelting and 
Refining Company, under date of May 14, 1946, 
called the writer’s attention to nymphal bugs and 
spotted leaves of rye, collected in Tooele County 
near Lake Point, Utah. He stated: “‘It is causing 
such discoloration to the rye that it is either very 
much more prevalent this year than last or is some- 
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thing new, because the boys have inspected these 
fields in which that volunteer rye is growing, rather 
carefully in the past.” A few mirid nymphs and 
damaged rye leaves also were received with the 
letter. : 

The above fields were carefully checked on May 
18, 1946, with large numbers of adult and fewer 
nymphal Miris ferrugatus Fallen being present in 
several areas of Lake Point on volunteer rye, and on 
the edges of some rye fields at Erda and northwest 
of Tooele. Smaller numbers of this species, which 
was the one sent in by Dr. Hill, generally were 
present on rye, giant ryegrass, and on certain of the 
other grasses on nearby uncultivated range land. 
Leaf blotching, such as was present on samples sent 
in by Dr. Hill, was common wherever this rather 
large mirid bug was present. It appeared that the 
damage was due to this pest which seemed to have 
Some tendency to be gregarius. The bleached out 
spots tended to become elongate, giving a broken-up 
blotched appearance to seriously affected leaves. 

A smaller mirid, Trigonotylus ruficornis (Geoff.) 
was taken in moderate abundance in severe] places 
where insect net sweepings were made to collect the 
larger bug. In addition, one specimen of Melano- 
trichus coagulatus (Uhler), and several Dikraneura 
carneola (Stal) leafhoppers were taken in these Lake 
Point collections. 

Miris ferrugatus has been collected by the writer 
on grass in many localities throughout much of 
Utah, often in moderate abundance. At times it has 
been encountered on native and introduced range 
grasses in considerable numbers, as a rule being 
abundant only on restricted areas, associated with 
the above broken-spotted leaf condition. This bug 
has been collected in Utah on wheat, barley and oats, 
and apparently feeds on a large number of species of 
the grass family, including the common small 
grains.—1-5-47. 





The Little Fire Ant as a House Pest 
H. T. Fernaup, Winter Park, Florida 


Apparently almost nothing has been published 
about the little fire ant, Wasmannia auropunctata 
(Roger) ant as a pest in houses. It has become 
rather serious however in connection with citrus 
trees as it is often very abundant on them feeding on 
the honeydew produced on them by aphids and 
whiteflies and stinging the pickers who gather the 
fruit. This condition has been quite fully described 
by Spencer! who states that fruit pickers often 
object to working where the ants are abundant 
because they sting them so freely. 

This ant was first reported from the United States 
in 1929 in Southern Florida. Since then it has gradu- 
ally spread northward until it is now present in 
nearly all of the peninsular portion of the state. 

Spencer states that honeydew is probably the 
most important food of the ants but feeding tests 
indicate that they will also eat dry sugar, sweet 
syrups and show a special fondness for cooked fat 
meats and vegetable oils. 

In houses the writer has not found the ants in- 
terested in sweet materials but are attracted to 
most fats, peanvt butter and to other fatty or 
oily material, not visiting sweet substances, To 


1Spencer, Herbert, 1941. The small fire ant Wasmannia in 
Citrus groves—A preliminary report, Florida Entomologist, 24 
(1): 6-14. 
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reach such materials they will often travel more than 
20 feet. A small bit of mutton fat placed at an inner 
corner of a desk which extended 4 feet to a window 
sill was found covered with the ants only 3 hours 
after it was placed there. Tracing their line of 
march back it followed the length of the desk to its 
other end, then crossed the space between the desk 
and a window sill by means of a telephone cord, a 
distance of about 6 inches, then trailed along the 
sill about 2 feet to the corner of a window under 
which the trail continued to the outer edge of the 
sill, down and around this to the outside boarding 
of the house, then down nearly four feet to a place 
where there was a tiny crevice between the end of a 
clapboard and a brick chimney. Here the ants en- 
tered and were lost to sight, the whole length of the 
trail being about 17 feet. Lines of ants coming and 
going were quite continuous and remained so all one 
afternoon and evening at least. The following morn- 
ing however the procession had ended. 

On many occasions one end of a porcelain sink 
became so densely covered with the ants that 
almost no trace of the white porcelain could be seen 
soon after dark and remained so nearly all night 
with trails to and from the sink plainly evident. 
Elsewhere in the house a few ants might be found at 
almost any time—probably scouts seeking food. 
Fortunately during the summers none appeared in 
the beds. 

These ants are sensitive to cold and do not appear 
in spring until the weather has become quite warm, 
even at night, and disappear with the first touch of 
cool weather in the fall though if this is followed by 
a brief period of warm weather they may reappear 
for a short time. 

The worker ants are very tiny—not more than 
about one sixteenth of an inch long—and the general 
color of a group is dark gray, though under a lens 
the red of the body becomes evident. They do not 
seem to form definite nests underground but clusters 
of them may sometimes be found under bricks and 
stones partly covered by earth or grass. More often 
these clusters occur in cracks or crevices; under 
pieces of wood or even under dead leaves or rubbish 
on the ground. Such clusters often appear to be 
connected with others near by and these conditions 
— to imply a colony divided into two or more 

oci. 

The queens are about one-fourth of a inch long 
(Spencer), The writer himself has never chanced to 
see a queen although he has examined large numbers 
of workers gathered for feeding and on the trails 
between their food and their foci. 

Control of this pest in houses is a different problem 
from that with most ants. With no definite nests 
where the queens are located there is no central area 
to attack and it does not appear that supplying the 
workers with poisoned food to take to the queens is 
very effective. The workers themselves can be des- 
troyed easily by spraying them and the paths they 
travel with DDT in such strength as is available at 
the stores, or by spraying these places with kerosene, 
Flit or numerous other such materials. But after 
about 10 days to 3 weeks following such a treatment 
the ants return and resume their visits to any fatty 
material which may be placed there or still may be 
present. Constant watchfulness and treatment to 
destroy the workers when they appear, often using 
fatty baits to draw them there seems at present to 
be the only control method available —1-3-47. 
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Control of Black Seale on Gardenias in 
Commercial Greenhouses 


A. I. Bourne anv F. R. SuHaw, Massachusetts State 
College, Amherst 


The black scale, Saisettia oleae, a native of tropical 
and subtropical regions, occurs on many types of 
trees and shrubs and is one of the most serious insect 
pests of citrus fruits. In Massachusetts and other 
northern areas, it is almost entirely a pest of green 
house plants. 

This scale is so prolific and has such a wide range 
of plants upon which it will thrive that it is always 
a dangerous pest and, when well established has 
proved very difficult to control. 

It has been estimated that each female may pro- 
duce more than 2000 young. Egg-laying usually 
oceurs over several months and the appearance of 
young scales extends over a corresponding period. 
Repeated applications, at short intervals, of the 
common types of contact sprays are necessary, over 
the period when crawling young are present. In 
cases of serious ouibresks in large greenhouses, this 
involves heavy cost in labor and materials and in 
many instances the grower has found himself, in 
spite ef his best efforts, fighting a losing batile 
because of the brief period of protection furnished 
by the sprays. 

Aside from the direct damage from its feeding, the 
honeydew excreted by the scales serves as an ex- 
cellent medium for the growth of sooty fungus. On 
many greenhouse crops such accummulation of 
black, sooty fungus on the foliage represents a 
depreciation in value second only to that caused by 
reduction of bloom. All these factors combine to 
make this species one to be dreaded by all commer- 
cial growers who encounter it in their houses. 

On September 16, the attention of the writers was 
called to a serious outbreak of black scale on gar- 
denias in a commercial greenhouse. The infestation 
occurred in both sections of one range, comprising a 
total of 60,000 square feet. The plants were in their 
second year of growth and were coming into their 
first season of full production. 

Scale was present throughout both houses but 
the heaviest attack was centered in the three south 
benches of the east house. On many plants both 
buds and leaves were heavily infested and much of 
the foliage was coated with sooty fungus. 
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Examination of sample leaves from the southeast 
section of the house showed an average of 56.5 
crawling young and 54.8 older stage scales per leaf 
or a total of 111.8 scales per leaf. 

On this same date a 25 foot secticn of one bench 
in the area of heaviest infestation was given a spray 
of a 25 per cent DDT emulsion at 1:250 dilution. 
Volck (miscible type) at dilution of 3 qts. in 100 
gals. was applied to a similar section of the adjoining 
bench. The rest of the eastern half of the house was 
sprayed with nicotine sulfate 1:500+fish oil soap 
4 Ibs. per 100 gal. on September 17, 24, and at 7 to 
10 day intervals thereafter. 

Results are shown in table 1. 

Both houses, except for the two smal] sections of 
benches given DDT and Volck on September 16, 
were given nicotine sulfate-+soap application at 
7 to 10 day intervals. 

On October 30 the entire east half of the house 
was sprayed with DDT emulsion at same concen- 
tration as on September 16. Volck was omitted be- 
cause the grower was unable to procure the miscible 
form used in the first application. The results of this 
application, from data taken December 11 are 
shown in table 2. 


Table 2.—Results of treatments on October 
30. 








AveraGeE NuMBER or Deap 


Date TREATMENT Scaies PER LeaF 





Dec.11 DDT—1lappli- 148.8 Leaves and buds covered 
cation with dead scales. Some 
older stage scales still alive 


New growth and buds prac- 
tically free from seale 


DDT—2 appli- 1.6 
cations 

Volek followed 2.6 
by DDT 





As noted above, most of this house had, previous 
to October 30, received only a program of nicotine 
sulfate+soap. Leaves and buds had become heavily 
infested, which will explain the large number of dead 
scales on the sample leaves from those sections of the 
house. The smal] number of scales from plants in the 
sections which had been sprayed with DDT or with 
Volck on September 16 indicates how completely the 
pest had been checked in those benches. Both leaves 
and buds were practically clear of scale. The new, 
terminal growth was noticeably greater in these 


Table 1.—Results of spray treatments. 








TREATMENT 


OLDER 
STAGES 


CRAWLING 
Youne 





Before treatment 


DDT! 
Volek! 


DDT 
Volck 
Nicotine Sulfate? 


DDT 
Volck 
Nicotine Sulfate* 


56. 54.8 


2.0 
3.9 


5.2 
4.8 
uncounted 


ie 2) 
Sooo oo 
m2 =] i ne CO 0 or 


0.0 2.7 
0.0 2.2 
uncounted — 


— 
S rw vo 





1 Applied Sept. 16. 


2 Nisotia2 3alfate+Soap. Applied Sept. 17.Young crawling scales killed, but little if any mortality of older stages. 


3 Applied Sept. 24. 
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benches, and the plants were in much more vigorous 
condition. 

The application of both DDT emulsion and Volck 
killed all crawling young scales and most of the 
older stage specimens up to half grown scales. Both 
of these materials apparently had very decided 
residual effect upon young scales for a long period 
after application. Examination of old, mature scales 
in these areas showed many eggs still remaining 
under the parent scales and numerous small newly 
hatched young, so that crawling young were ap- 
pearing steadily during the period of the test. 

There was no evidence of foliage injury or any 
apparent retardation of growth following applica- 
tion, and no discoloration of leaves by spray deposit. 
As far as the grower was concerned this outbreak 
which in early September had threatened serious 
loss in amount and quality of bloom, had been 
brought to a standstill. However, observations were 
continued by the writers to determine the period of 
protection furnished by the sprays and to ascertain 
whether and when additional applications would be 
necessary under the conditions prevailing in these 
houses during the cutting season.—1-9-47. 





DDT Wettable Powders and Emulsions 
Used on American and Asiatic Elms 


V. E. Romney, R. R. Warrren, and A. H. MappEen 
U.S.D.A. Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine 


Sample lots of wettable DDT powders from five 
commercial producers were tested on American and 
Asiatic elm trees in Columbus. Ohio, to determine 
the persistence of the deposit of these spray materi- 
als as compared with that of emulsions containing 
the same amounts of DDT. Observations on foliage 
injury also were made. 

Foliage injury from the emulsions was apparent 
within 24 hours and was proportional to the amount 
of solvent used. In most cases this injury was con- 
sidered tolerable in that little or no leaf drop fol- 
lowed. Foliage injury resulting from the wettable 
DDT powders was not apparent until after a 3-week 
period of exposure. After 4 weeks the injury became 
very apparent. Although this injury in many cases 
was no greater than that resulting from the emul- 
sions, the leaf drop that followed was considered to 
be excessive. 

A small power sprayer regulated to maintain a 
pump pressure of 100 to 120 pounds per square inch 
was used to apply the wettable DDT sprays. On 
June 4, 1946, 10 small American elm trees were 
sprayed with each sample wetting thoroughly both 
the upper and lower leaf surfaces. Wettable powders 
containing 50 per cent of DDT were used at a rate 
equivalent to 16 pounds of DDT per 100 gallons of 
water. 

Three of the products caused light foliage injury and 
leaf drop and two caused heavy injury and leaf drop 
when the trees were examined $8 days after treat- 
ment. 

With the amount of DDT constant and the 
amount of injury varying among the treatments, it 
appears that the wetting agents or diluents used 
may have been responsible for the foliage injury. 
Heavy rains washed off most of the deposit on the 
upper leaf surfaces, but most of that on the under 
surfaces remained for many weeks, Injury first ap- 
peared as chlorotic spots on the upper side of the 
leaves; these spots coincided with visible deposits 
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on the under surface. Injury, including spread of 
chlorotic spots and leaf drop, me progressively 
more severe after it once started. Leaf drop on the 
American elms appeared to be correlated with the 
extent of chlorotic injury to the leaves. There was 
also some variation in the amount of injury from 
tree to tree within each treatment. 

On July 17, 1946, to test further the effect of DDT 
wettable powders, one American and one Asiatic 
elm tree were sprayed with powders containing 50 
per cent and 25 per cent of DDT at each of the 
following dosages: 4, 8, or 16 pounds of DDT per 
100 gallons of water. Another tree was treated with 
a spray containing 4 pounds of DDT in a 25-per cent 
wettable powder plus 4 pounds of lead arsenate and 
1 ounce of sticker per 100 gallons. Observations 
were made at approximately weekly intervals to 
determine when injury first became apparent. 


Fig. 1.—Two branches from an Asiatic elm tree. 
Left, unsprayed branch, right, branch from tree 
sprayed with DDT (25-per cent wettable powder at 
4 pounds of DDT per 100 gallons). 


There was no noticeable injury to the Asiatic 
elms 15 days after treatment, but after 23 days leaf 
drop was evident. The 50-per cent wettable powder 
caused 95 to 98 per cent leaf drop at all dosages, and 
the 25-per cent powder caused 95 per cent leaf drop 
at the 16-pound dosage, 10 per cent at 8 pounds, 80 
per cent at 4 pounds, and 70 per cent when lead 
arsenate was added to the spray. This defoliation 
was preceded by a general yellowing of the leaves, 
but chlorotic spots did not occur as they did on the 
American elms sprayed earlier in the season. Trees 
1, 2, 3, and 6 were twin-stemmed trees, wherein one 
portion was sprayed and the other portion left un- 
treated. Figure 1 shows branches from the treated 
and untreated portions of tree 6. Trees 3, 6, and 7 
were sprayed at the 4-pound rate usually used for 
leaf feeders. 

The American elms used in this test had dark 
green, rather leathery foliage, which was not char- 
acteristic of trees used in previous tests. After 50 
days only slight injury occurred on the foliage 
sprayed at the 8- and 16-pound rates, while no 
injury was noted in those sprayed at the 4-pound 
rate. The comparatively light injury found on the 
American elm in this series of spray tests may be 
due to the type of tree selected or to the difference 
in the time of year that the sprays were applied.— 
1-16-47. 
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Effects of DDT on Some Tidewater 
Aquatic Animals’ 


R. E. Truuer,? Chesapeake Biological Laboratory and 
Ernest N. Cory, University of Maryland 


The possible effects of DDT on aquatic life when 
used for mosquito control stimulated an investiga- 
tion divided into three phases, each phase covering 
a special set of conditions which might be encoun- 
tered if large-scale spraying of tidewater areas were 
to be undertaken. The experimental areas selected 


1 This is a report of one subtitle of Project H51, Department 
of Entomology, Maryland Agricultural Experiment Station and 
is article #148. Scientific Contribution #2041. 

2 The assistance of the following members of the staff of the 
Chesapeake ee Laboratory, Solomons, Maryland is 
— recorded: L. E. Cronin, G. F. Beaven, and C. M. 

‘oker. 
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were (1) a small freshwater pond adjacent to tide- 
water, (2) an area subject to strong tidal current and 
(3) a tidal area with very slight current. All were 
subjected to similar treatment in an effort to deter- 
mine the effect of DDT applied to the surface of the 
water as an oil spray and as a water-dispersible 
emulsion. 

1. SmaLt FresH-water Ponp.—A pond approxi- 
mately 2 acres in area located at the confluence of 
the Patuxent River and the Chesapeake Bay, about 
100 feet inshore and a half mile inside Drum Point, 
was selected for this phase of the study. The maxi- 
mum depth of the pond is 4 feet, and the bottom is 
uniformly soft and mucky, characterized by a 
considerable amount of organic material; the only 
species of animals other than insects observed in the 

nd were top minnows, Gambusia sp., and frogs, 

oth of which were abundant. 


Table 1.—Details of treatment of pond with DDT. 








Spray Usep 


OBSERVATIONS AND 
REMARKS 


GENERAL 
ConDITIONS 





DDT in oil at concentra- 
tion of 3 lbs. per acre. 
Two gallons applied with 
sprayer. 


DDT in water dispersi- 
ble emulsion. Same conc., 
amount. 


Light SE wind. Oxygen- 
saturated at surface. 


Light SW wind. Oxygen- Spray applied over entire sur- 
saturated at surface. f 


ace, 


No mortality, all top minnows 
and frogs appeared normal. No 
mortality. 


No mortality. 
No mortality. 


Applied over entire surface. 


No mortality. 





Table 2.—Details of treatment—tidal area (trerg crrrerts). 








Spray Usep 


OBSERVATIONS AND 
REMARKS 


GENERAL 
ConDITIONS 





DDT in oil, concentra- 
tion 8 lbs. per acre by 
pressure sprayer. 


Tide —slack 
Wind—Light SW 
Bottom—Sand 
Temp. H,O—26.2° C. 
Salinity—8.2 o/o 


Specimens placed in net at 1000 
Spray applied along windward 
side of net, to a point 15 ft. be- 
yond sides of net. Oil film re- 
mained until carried off by tide. 


O.—5.30 ce/1 


DDT in water-dispersi- 
ble emulsion, at same con- 
centration. 


No mortality. 


Tide—-slack, no other ob- 
servations. 


No mortality. 


1 dead trout, caught in net by 
mouth parts. 


4 dead trout, 4 dead croakers, 
all enmeshed in net. Remaining 
fish apparently normal. Four 
fish missing (see below) 
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Table 3.—Treatment of tidal area with slight current. 








Date 


OcToBER Spray Usep SPECIMENS 


GENERAL ConpDITIONS OBSERVATIONS AND REMARKS 





17 4 pts.5% DDT in 
oi 3 male crabs 


19 rock (av. weight 11b.) 


2000 a - 


27 adult female crabs 


Tide—slack 
ottom—muddy 
Remaining observations 
made at end of expt. 
Temp. H;O—17.6° C. 
pH—7.6 
Salinity—15.4% 
O.—5.30 ce /I. 
Samples taken at 34’ 
below surface. 


a 3 adult female crabs dead. All fish 
appeared normal. 
All fish appeared normal. 3 adult fe- 
male crabs dead. Experiment con- 
cluded. 


Specimens placed in net at 1230 


1 adult female crab dead. All fish 
appeared normal. All specimens re- 
moved to live car, taken from ex- 
perimental area. All crabs normal. 
Seven rock dead. 





4 pts. 30% DDT 
in water emulsion- 
dispersible. 


5 male crabs 


1200 
1000 


27 adult female crabs 


20 rock (av. weight 1 Ib.) 


Tide—slack Specimens placed in net just prior 


to spraying. 


Eight crabs dead (see note below). 
All fish appeared normal. Specimens 
placed in live car, taken from ex- 
perimental area. 

20 adult female crabs dead. All 
fish normal. Three adult female 
crabs dead. Fish appear normal. 
Experiment concluded. 





2. Troan AkEA—StronG Currents.—A 15 by 15 
foot net enclosure was constructed in 7 feet of water 
near the northern shore of the Patuxent River ap- 
proximately a half mile inside Drum Point. The 
net resembled the ‘head’ of a smai] pound net, and 
was geared to be raised and lowered by lines at- 
tached to the corner poles. Live fish were obtained 
from a commercial pound net 8 miles north of Drum 
Point, and were transported in a live-car towed 
slowly by a power boat. The species and numbers 
used were as follows, average weight, 8 to 12 ounces 
each: 10 trout, Cynoscion regalis, 10 croakers, 
Micropogon undulatus, 8 rock, Roccus saratalis, 
5 menhaden, Brevoortia tyrannus, 1 spot, Leistomus 
xanthurus and 1 bluefish, Pomatomous saltatrir. 

At the time of the observations made on July 21, 
two rock, one menhaden and the bluefish were mis- 
sing. These fish may have leaped over the net at 
high tide, or may have been captured by fish hawks, 
four of which were observed in the area. It is known 
that these birds ‘fish’ pound nets, and are so numer- 
ous in some areas that netting is placed over the 
pound to protect the catch. 


3. Tipa Anga—VeryY ~LicGHrT Current.—The 
net enclosure used in the preceding phase of the 
investigation was transferred to a sheltered cove at 
the upper end of Mil] Creek. a small tidal estuary of 
the Patuxent River in which conditions, except for 
tidal current, closely paralleled those of the Drum 
Point area. 

The mortality observed in the preceding experi- 
ment, caused by trout and croakers becoming 
enmeshed in the net, suggested that rock would be 
more satisfactory test fish. Forty rock were obtained 
from the same pound net, and hauled in the live car 
to the Mill Creek area. This stage of the study was 
extended to include the effects of DDT on crabs. Six 
dozen blue crabs, Callinectes sapidus Rathbun, were 
obtained from a commercial crab pot fisherman 
operating in the nearby Chesapeake Bay. These were 
sorted to eliminate badly injured or ‘poor’ (recently 
shed) crabs, and were ‘gloved’ with rubber tubing to 
prevent their biting each other. 

Close observation of the dead crabs showed vary- 
ing degrees of pre-experimental injury, ranging from 
slight bites to the loss of one or more legs. Several of 


Table 4.—Second Mill Creek experiment. 








Date 


NoveMBER TIME Spray Usep SPECIMENS 


GENERAL ConpITIONS OBSERVATIONS AND REMARKS 





7 1230 4 pts. 5% DDT in 
ol crabs 
20 rock 


25 oysters 


4 pts. 30% DDT 
in water. Dispers- 
ible emulsion. 


crabs 
20 rock. 


7 male, 3 adult female 


23 male, 3 adult female 


Tide—slack 
Temp. H:O—15.7° C. 
Salinity—16.0% 


Specimens placed in net just prior 
to spraying. 


pH—7. 

O.—4.30 cec/I. , 

All specimens appeared alive and 
normal. Specimens taken from ex- 
perimental area. 

All specimens alive. 

All specimens alive. 

All specimens alive. Experiment 
concluded. 

Specimens in net just prior to 
spraying. 


Tide—slack 

Temp. H:O—15.5° C. 
Salinity—15.5% 
pH—7.5 

O.—4.80 ec /I. 

- All specimens alive, placed in live 
car, taken from experimental area. 
All specimens alive. 

All specimens alive. Experiment 
concluded. 
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Table 5.—Mill Creek experiment. Oysters only. 








Date 


NoveMBER ‘TIME Spray Usep SPECIMENS 


GENERAL ConpDITIONS OBSERVATIONS AND REMARKS 





20 1205 4 pts. 30% DDT in water 


dispersible emulsion. 


25 oysters 


Tide—slack 

Temp. H:O—11.8° C, 
Salinity—15.2% 
O.—5.85 ec/I. 


Specimens placed in net on previous 
evening. Spraying done with minimal 
disturbance of the water. 


All specimens alive. Live nereid worms, 
and mussels on oyster shells. 

All specimens alive, evidence of growth. 
Experiment concluded 





the lives crabs had lost one or both ‘gloves,’ which 
were replaced before transferring the crabs to the 
live car. 

The mortality that occurred in the Mill Creek 
study indicated that additional observations were 
needed, since there was evidence that pre-experi- 
mental injury might have been a factor in the death 
of the crabs. This need was further emphasized by 
the fact that only seven rock were killed in the 
experiment, while the remaining fish appeared 
normal after seven days. The experiment was there- 
fore repeated, with an attempt to reduce or eliminate 
causes of injury or death in handling the specimens. 
The crabs were taken individually from a trot-line, 
and immediately ‘gloved’; the fish were taken from 
the same net, but were handled more carefully, and 
towed more slowly in the live car. 

In addition to the fish and crabs, a wire bag con- 
taining 25 oysters, Ostrea virginica, was suspended 
just above bottom in the net enclosure. Sufficient 
time was allowed for the oysters to commence feed- 
ing, and the DDT was applied with as little disturb- 
ance of the water as possible. 

Oysters were not included in the second phase of 
this experiment, but the possibility of injury to 
bottom dwelling animals seemed greater with the 
water-dispersible emulsion of DDT than with the 
oil solution, and a separate experiment was con- 
ducted under the same conditions, using only oys- 
ters. 

The data presented in this report do not justify 
definite conclusions regarding all the effects of DDT 
as it might be used in large scale spraying operations. 
However, an effort has been made to conduct the 
tests under as nearly typical conditions as possible, 
using concentrations of DDT greatly in excess of 
those which would be employed in any anticipated 
spraying programs. 


Effects of Ultra-Violet Radiation on 
Tenebrio molitor 


W. Perer Horen, State College, Pa. 


The following experiment was carried out to 
determine whether ultra-viozt radiation in wave 
lengths shorter than 3000 Angstrom units with 
exposures up to 30 minutes would be lethal to the 
insects. Little having been done with lethal effects 
of ultra-violet rays on adult or immature insects, it 
was necessary to refer to the various publications 
dealing with ultra-violet radiation upon bacteria and 
plants. 

Previous Work wir Piants.—Many and 
varied experiments have been performed upon bac- 
teria (Dugger 1936) since it has been discovered 
that sunlight, in the short ultra-violet range of the 
spectrum possessed lethal qualities. Later experi- 


ments proved that only those waves shorter than 
3100 A had bactericidal value; especially those from 
2000-2950 A. These have lethal qualities 10 to 12 
times greater than the longer ones. The experiments 
performed with plants (Dugger 1936; Johnston 
1936; Popp & Charlton 1938) have been even more 
numerous and intensive; the results obtained tend 
to confirm the belief that the middle and short 
ultra-violet rays definitely retard growth or check 
it completely. The apparent effects are stunting, 
curling of the leaves, and necrosis of the tissues; the 
ay injury is the destruction of the epidermal 
cells. 

Previous Work Wiru Insects.— Definite effects 
on the reproductive functions of insects irradiated 
by ultra-violet are known to occur. Drosophila 
melanogaster has been the insect commonly used. 
Mutations (Shultz 1935) are usually observed after 
irradiation of the insects; translocation of the sperms 
(Demerec et ai. 1942) has occasionally been ob- 
served. Working with eggs of the bean weevil, 
Macleod (1933) found that rays less than 3126 A 
were definitely injurious, causing lethal effects which 
varied inversely with the age of the eggs, but that 
longer rays may have been beneficial, for the 
emerging treated larvae weighed more than the 
controls. Eggs of grasshoppers (Ray & Bodine 1938) 
subjected to the rays show a decrease of hatch, 
accompat‘ed by an increase in respiration. Extreme 
variations in sensitivity were observed. Ultra-violet 
seems to act mainly on the embryo rather than the 
yolk or egg components. The chorion and cuticle 
were resistant to primary radiation, but absorbed 
secondary ones. Bees (Bertholf 1933) irradiated 
with ultra-violet to determine if beneficial effects 
could be induced were harmed by long exposures to 
the rays, though short doses gave slight indications 
of beneficial effects, but were impractical for com- 
mercial purposes. Irradiations with waves shorter 
than 2970 A were decidedly harmful. The lack of 
information concerning the lethal effect of vltra- 
violet on insects warranted the notes summarized 
in this paper. 

ApPpaRATUS.—A mercury vapor are lamp in 
quartz on a direct current of 130 to 140 volts and 
3 amperes, pre-heated for 15 minutes. The insect 
used was Tenebrio molitor. The distances between 
the specimens and lamp were 8 and 18 inches. 

Metnop.—A given number of specimens were 
placed in a petri dish, covered with a filter and 
exposed to the rays. For irradiation purposes the 
lamp was placed directly above the insects. After 
the required exposure the specimens were allowed 
to remain uncovered for 24 hours, when the per- 
centage mortality was determined. Both adults and 
larvae were used. 

Resu.ts.—The effects of radiation on Tenebrio 
molitor terd to show that ultra-violet does not 
penetrate the cuticula deeply. The final tempera- 
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Tabie 1.—Filter data and results. 








SPECTRAL 


FILTER (Anestrros) 


Tota, ENerGy 
RANGE ‘TRANSMITTED AND | NUMBER 
INTENSITY 


DIsTANCE | Tora. 


ExposurE LxsEcTs 





Per 


cent | (watts/em?) | D. E. A. 





G586A 3000-4360 25 
Noriol O 3890-7200 50 
Corex D 2500~7200 75 
Corning 791 2100-28000 87 
Corning 5970 3100-4200 85 
Unscreened arc 2350-6230 100 
G586A 

Noviol O 

Corex D 
Corning 791 
Unscreened Arc 











5.41-107| 18 10 
10.82-1075;} 18 80 27 
16.22-107*|} 18 28 
18.92-107>; 18 30 1 
18.40-1075| 18 
21.65-107% 























D.—distance in inches. 
E.—exposure in minutes. 
A.—adults. 


L.—larvae. 


tures arrived at by exposures of 3 and 15 minutes 
for distances of 8 and 18 inches were 74° and 40.5°C. 
respectively, indicating that considerable infra-red 
was involved. Both temperatures are lethal to 
Tenebrio molitor. The adults were more susceptible 
than the larvae to the treatment; probably their 
darker coloration and rougher surfaces absorbed 
more infra-red. The rate of activity increased up to 
a certain undetermined temperature, when the 
insects turned on their backs, and eventually be- 
came still. Exceptions were those irradiated through 
either filters G586A or Corning 5970. 
Conciusion.—Since no attempt was made to 
keep the treated specimens under long-time obser- 
vation, or to study the rays’ possible effects upon 
the insects’ reproductive capacities, it may be con- 
cluded that (1) ultra-violet radiation has no ap- 
parent effects upon either adults or larvae of 
Tenebrio molitor (2) the rate of activity of the in- 
sect decreases after prolonged exposure to the rays 
(3) only where heat in the form of infra-red was 
concerned were there any positive effects.—1-27-47. 
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Comparison of Insecticides for Cotton 
Insect Control and the Effect of Copper 
on Yields’ 


J. C. Garngs,? Texas A & M College, College Station 


Results of experiments conducted at College 
Station during 1942 (Gaines 1944) indicated that 
basic copper arsenate was effective against the 
bollworm and that this material incre: the yield 
of cotton over lead arsenate. This increased yield 
was thought to be partially due to the presence of 
copper. The results of investigations reported by 
Cook (1923) indicated that copper sprays increased 
the yield of potatoes in various parts of the country. 
In field experiments (Churchman ¢é¢ al., 1936) con- 
ducted in North Carolina, South Carolina and 
Virginia, the average yield of cotton was increased 
17.9 per cent by adding copper sulphate to the 
fertilizer. Other references in literature indicate that 
copper and zinc may exert a stimulating action on 
various crops in certain types of soil. 

Tests were conducted in the Brazos river bottoms 
during 1942 and 1946 for the purpose of studyi 
the effect upon yield of copper and zinc applied with 
an insecticide to the leaves, and of copper applied 
independently to the soil. The effectiveness of the 
materials for bollworm, Heliothis armigera (Hbn.) 
and weevil, Anthonomis grandis Boh., control were 
compared. 

1 Technica] contribution No. 999 Texas Agricultural Experi- 
ment Station in cooperation with the Bureau of Entomology and 


Plant Quarantine, United States Department of Agriculture. 
2 x Dean assisted in taking the field peice a al 
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Table 1.—The average insect infestation and yields of seed cotton following treatments as indicated 





at College Station, Texas. 





1942 





1946 











Yield 


Gain in 





Yield Gain in 








Boll worm Aphids Seed Yie Weevil Bollworm Aphids Seed Yield 
Boll PerSq. Cotton Over Punctured _ Boll PerSq. Cotton Over 
TREATMENTS Injury? Inch* PerAcre Check Squares! Injury? Inch Per Acre Check 
Lead Arsenate 10.5 27.3 691 66 29.9 6.1 30.6 1584 102% 
Lead Arsenate plusCopper 11.5 18.0 821 97 29.6 5.1 30.8 1800 130 
Lead Arsenate (Copper 
applied to soil) 27.7 5.1 15.4 1670 113 
Basic Copper Arsenate 5.5 13.8 996 139 
Lead Arsenate plus Zinc 9.3 9.5 827 99 
Calcium Arsenate 13.1 21.2 575 38 28.0 9.5 26.5 1670 118 
Benzene Hexachloride 27.6 21.5 1.6 1368 74 
Check 22.7 V4 416 52.0 11.7 12.1 783 














1 Average of 8 records taken from June 21 to July 27. 


2 Average of 7 records taken from July 28 to Aug. 24; average of 5 records taken frcm July 22 to Aug. 14. 


Fretp Puats aND TREATMENTs.—In 1942, the 
plats were arranged in randomized blocks and each 
treatment was replicated 3 times. The dusting area 
of each plat was 0.1 acre (13 rows wide) and the 
picking area after the buffers were eliminated was 
0.05 acre. The following insecticides were used: 
calcium arsenate Pyrar (5U-50), lead arsenate- 
Pyrax (50-50), lead arsenate-Pyrazx-copper “34” 
(5u-40-10) the mixture containing 3.4 per cent 
metallic copper, lead arsenate-Pyrax-zinc sulphate 
(50-40-10)—and basic copper arsenate. All the 
insecticides were applied at an average rate of 15 to 
16 pounds per acre except calcium arsenate-Pyrax 
which was applied at about 12 pounds per acre. 
ight applications of all insecticides were made at 

ay intervals from June 19 to August 20, but three 
applications were washed off by rains. 

In 1946, the plats were also arranged in random- 
ized blocks and each treatment was replicated 3 
times. The dusting area of each plat was 0.05 acre 
(11 rows wide) and the picking area after the buffers 
were eliminated was 0.022 acre. The following 
materials were used: calcium arsenate, benzene 
hexachloride-inert mixture containing 5.75 per cent 
gamma isomer, lead arsenate, lead arsenate-copper 
oxychloride mixture containing 5 per cent metallic 
copper, and lead arsenate mixture applied as a 
dust. The foregoing blocks included plats receiving 
3.3 pounds of copper sulphate per acre applied to the 
soil as a side dressing when the cotton plants were 
in the seedling stage and lead arsenate dust during 
the growing season. Nine applications of all insecti- 
cides were made at approximately 5-day intervals 
from June 17 to August 6. Three of the applications 
were made at an average rate of 6 pounds per acre 
before the bollworm moths transferred to cotton; the 
later applications were applied at an average rate of 
10.4 pounds per acre after the bollworm began to 
cause injury. 

Recorps.—The insect infestation records were 
made at approximately 5-day intervals in the usual 
manner, One hundred squares were examined on 
consecutive plants in each plat and the percentage 
punctured by weevils was recorded, One hundred 
bolls were examined on consecutive plants in each 
plat for the bollworm injury record, Aphid counts 
were made by recording the aphids present on a 
square inch of leaf surface in the center of the fourth 
leaf from the top, on 100 consecutive plants in 
each plat. 

Resutts.—In 1942, the average bollweevil infes- 
tation was less than 5 per cent on the check plats 


E 
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3 Average of 1 record taken after last application of insecticides. 





throughout the season, and did not affect the yields. 

The bollworm occurred in injurious numbers and 
eaused considerable injury on the untreated plats. 
Basic copper arsenate gave better control of the 
bollworm than either lead arsenate or calcium ar- 
senate. Lead arsenate gave better control than 
calcium arsenate. The addition of copper and zinc 
to lead arsenate increased the yield 18.8 and 19.7 per 
cent, respectively, over lead arsenate alone. The 
numbers of leaves shed during a period in early 
August were recorded, but there was little difference 
in these numbers in the plats receiving the different 
treatments, If the copper or zinc acted as a fungi- 
cide, this record failed to show it. The basic copper 
arsenate gave a higher yield than any other treat- 
ment used, but it was concluded that some of this 
increase might be due to the stimulating effect of 
copper upon the plant, as well, perhaps, as its ef- 
fectiveness in controlling plant diseases. 

Since copper and zine appeared to contribute to 
increased yield during 1942, the work was continued 
in 1946 using copper in the test conducted in the 
Brazos river bottoms, but not in the same field. 
During this season, the weevil caused more injury 
than the bollworm. The lead arsenate, the benzene 
hexachloride-inert mixture containing 5.75 per cent 
gamma isomer and the calcium arsenate gave about 
equal control of the weevil. Lead arsenate gave 
better control of the bollworm than did calcium 
arsenate. The benzene hexachloride mixture pre- 
vented aphid increases but permitted increased 
boilworm injury. The copper applied as a dust with 
lead arsenate gave a 14 per cent increase in yield 
over lead arsenate alone, but only increased the 
yield 5 per cent when applied to the soil directly. 

SummMary.—Basic copper arsenate used 1 year 
was effective against the bollworm and gave the 
highest increase in yields. Copper as a dust increased 
yields an average of 16 per cent in the experiments 
conducted during 1942 and 1946. These increased 
yields resulting from the use of copper are regarded 
as being due, at least in part, to the stimulating 
action of the copper upon the plant, but the possible 
benefit of copper as a fungicide cannot be over- 
looked. Lead arsenate proved to be almost as effec- 
tive as calcium arsenate when used against heavy 
infestations of weevils and was more effective 
against the bollworm. The benzene hexachloride- 
inert mixture containing 5.75 per cent gamma isomer 
was effective against the weevil and prevented 
aphid increases, but permitted increased bollworm 
injury.—1-23-47. 
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Parasites of a Bag-making Pierid, 
Eucheira socialis' in Morelos, 
Mexico 


J. G. Suaw, U.S.D.A., Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine 


The butterfly, Eucheira socialis West., called 
“mariposa del madrofio,” a pierid indigenous to 
Mexico, has been known for centuries, and its 
silken bags are said to have been used for paper by 
the Indians before the Spanish conquest (Hoffmann 
1910). Apparently none of its parasites have been 
recorded 2 


1 Determination checked by C. Heinrich, of the Division of 
Insect Identification, Bureau of Entomology and Plant Quaran- 
tine. All parasites were determined by specialists of that Divi- 


ion. 

2 Checked by personnel of the United States Department of 
Agriculture Library, who examined Parts 5 and 6 (Lepidoptera, 
A-F) of A Catalogue of the Parasites and Predators of Insect 
Pests, by W. R. Thompson. 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 40, No. 3 


In traveling the highway from Mexico City to 
Cuernavaca the writer occasionally observed this 
insect feeding on Arbutus sp., which grows on the 
southern slope of the mountains 34 to 40 miles from 
Mexico City at an altitude of 7000 to 8500 feet. 
When these white bags were first noticed in 1943 
they were not abundant, but in the spring of 1944 
they were more numerous, and the trees were com- 
pletely defoliated by the larvae. It was not uncom- 
mon to see from 100 to 250 bags on trees 30 to 50 
feet in height. 

In the spring of 1944 several bags were brought to 
the laboratory for observation. Adults reared from 
dipterous larvae and puparia that dropped to the 
bottoms of containers holding the bags were identi- 
fied by M. T. James, as two species of Larvaevori- 
dae. One species, Zenillia virilis A. and W., para- 
sitized approximately 2 per cent of the host popula- 
tion. Another species, which parasitized about 10 
per cent of the larvae, represented a new genus and 
species, which James (1945) named Eucheirophaga 
lugubris. Both these flies are primary parasites, a 
fact determined by observed parasitization of the 
larvae. Puparia were found within the host chrysa- 
lids on only a few occasions. 

In the spring of 1945 the reduction in the number 
of bags of Eucheira socialis and the decrease in 
defoliation of Arbutus trees over that in 1944 were 
very marked, with the percentage of parasitization 
much higher (Table 1). Eucheirophaga lugubris, the 
predominating parasite in 1944, was not recovered, 
while Zenillia virilis was more common than in 1944. 
Another larvaevorid, not reared in 1944, as com- 


Table 1.—Parasitization of Eucheira socialis in bags collected in Morelos, Mexico, 1945. 
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1 Fifteen specimens of Monodontomerus viridiscapus and 4 of Apanteles n. sp. are not included here. 
2 It was not determined why the larvae and chrysalids died, Of the dead material, 73 per cent were chrysalids and 27 per cent larvae. 
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mon as Z. virilis in 1945, was determined by 
C. T. Greene as Winthemia n. sp. This species, deter- 
mined by C. W. Sabrosky, was also reared from 
cutworms (Phalaenidae) on potato foliage on August 
10, 1945, at El Guarda, Distrito Federal, at an 
altitude of 9800 feet. Puparia of one of these larvae- 
vorids (species not determined) were held at 25° C., 
and they completed their development in 14 days. 
Chrysalids of the butterfly required 24 and 25 days 
to complete development at this temperature. 

Three hymenopterous parasites were also found 
in 1945. The most common one was Brachymeria sp. 
(probably n. sp.), determined by A. B. Gahan. It 
appears to be a primary parasite. The writer ex- 
amined 278 chrysalids (Table 1) having round emer- 
gence holes, and in almost every case the cast skin 
of this wasp was found within. 

Fifteen specimens of Monodontomerus viridiscapus 
Gahan were obtained. Gahan (1941) described this 
species from Orizaba, Mexico, without any other 
data. In recent correspondence he expressed the 
belief that this is a secondary parasite, possibly of 
some dipteron. He also stated that some species of 
this genus are apparently primary parasites of 
Lepidoptera and that some are both primary and 
secondary. This is probably a secondary parasite of 
the Larvaevoridae, which attacks Eucheira socialis 
because the puparia are apparently large enough to 
support it. 

Cocoons attached to the inner web of a bag of this 
butterfly produced four adults of Apanteles, which 
C. F. W. Muesebeck determined as a new species. 
From the general habits of the group, the writer 
assumed that this is a primary parasite. As the 
cocoons were attached to the lining of the bag, this 
parasite is believed to attack Euchetra socialis. 

A summary of the contents of the bags of Eucheira 
socialis held for observation in 1945 is given in 
Table 1. It is readily seen that Brachymeria sp. 
parasitized many more chrysalids than did either of 
the dipterons, Wint’emia sp. or Zenillia virilis. 
Larvae in the bags collected on March 28 apparently 
were not large enough to become heavily parasitized 
since 29 per cent of the chrysalids developed into 
butterflies and 30 per cent of them produced adult 
parasites. For the bags collected on April 16 the 
results were quite different, because only 1 per cent 
of the chrysalids developed into butterflies and 59 
per cent of them produced adult parasites. The 
percentage of chrysalids that did not produce either 
butterflies or parasites was practically the same for 
the bags collected on both dates, i.e., 41 and 40 per 
cent, respectively. Mortality in the bags, from para- 
sites or undetermined causes, reached 100 per cent 
in several instances. Apparently high parasitization 
of this social butterfly was very common in the 
field in 1945, as few bags could be found in 1946. 
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Corn as a Trap Crop for the Cotton 
Bollworm!' 


CHARLES LincoLn and Dwicut IsEty, 
University of Arkansas, Fayetteville 


The use of corn as a trap crop to protect cotton 
from injury by the bollworm has been widely rec- 
ommended not only in the United States, but 
wherever cotton is grown. In fact, corn is frequently 
recommended as a trap crop to protect many other 
crops, besides cotton, from bollworm injury. Corn 
is presumably useful for this purpose because as is 
well known fresh corn silks are particularly attrac- 
tive to ovipositing bollworm moths. Furthermore 
corn is the favored host of the bollworm (Isely 1935). 

The recommendation of corn as a trap crop is 
supported by little direct experimental evidence, 
although there are doubtless many widely scattered 
unreported observations which justify it. The’ boll- 
worm moth is an active flier capable of migration 
for many miles (Blanchard 1942) and, for this reason 
is not aready subject for plot experiments. 

During the summer of 1946, there was oppor- 
tunity to make notes on the effectiveness of plant- 
ings of corn in attracting ovipositing moths from 
cotton in a number of counties in Arkansas. These 
notes together with others made during previous 
bollworm outbreaks are presented at this time. 

Severe injury to cotton by the bollworm is er- 
ratic in occurrence. Probably, the insect destroys 
some bolls in every field in Arkansas every year. 
Within the past 25 years there have been seven 
outbreaks on cotton, extensive enough to involve 
five or more counties. Within cotton fields them- 
selves local differences in infestations may occur. 
Bollworm moths tend to deposit most eggs on 
rapidly growing plants, as has been noted by 
Thomas & Dunnam (1931), and infestations may be 
concentrated in the parts of fields which have been 
heavily fertilized. Scattered stalks of corn or single 
rows of corn in a cotton field also attract moths 
which deposit eggs not only on the corn but on the 
cotton plants nearby. This results in a heavy con- 
centration of infestation. 

Observations made during the outbreak of boll- 
worm in cotton in 1925 indicated that the infestation 
had begun when practically no corn in silk was 
available as a trap crop in the counties where the 
outbreak occurred. The injury during this season 
was unusually severe. In no field in four counties 
where observations were made, was the percentage 
of injured bolls less than 25 per cent, and frequently 
the injury exceeded 90 per cent. 

The outbreak of 1925 covered the greater part of 
nine counties in the west central part of Arkansas. 
These are hill counties and did not produce large 
acreages of cotton. The corn acreage was also rela- 
tively small although it was more than double that 
of cotton. Practically all the corn was early and the 
silking period had passed by the third ~ of July. 
The summer was relatively dry in that part of the 
state, and drought had cut the silking period short. 
Most of the worms which caused the severe boll 
damage hatched in August, indicating that the 
eggs had been deposited after the period of silking of 
corn had passed. This outbreak, unlike some of the 
more recent ones, was not complicated by dusting 


1 Research paper No. 852 Journal Series, University of Arkan- 
sas. Published with the permission of the Director of the 
Arkansas Agricultural Experiment Station. 
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for boll weevil control nor by aphid infestations. The 
bollworm infestations developed when no trap crop 
was available. This is not conclusive proof, however, 
that a trap crop would have been effective had it 
been present. 

Evidence regarding corn as a trap crop during the 
bollworm outbreaks in southwestern Arkansas in 
1929 and in the Arkansas River Valley in 1936 were 
similar to those in 1925. During both years, the 
outbreak began on cotton when no silking corn was 
available in the areas where severe injury occurred. 
During both summers, drought appeared to be a 
factor in shortening the period of silking of late corn 
in the localities where the outbreaks occurred. 
Aphid infestations and dusting for weevil control 
were not factors during these years. 

In 1941, there was widely scattered injury to 
cotton by the bollworm in 25 counties. This injury 
was not concentrated in any part of the state and 
did not appear to be related to any local condition. 
In many instances there did appear to be a relation- 
ship between bollworm damage and previous in- 
festations of the cotton aphid. It was not possible 
to check carefully the conditions. 

A scattered bollworm outbreak in cotton occurred 
during the summer of 1946. In 11 counties it was 
estimated that 25 per cent or more of the bolls were 
destroyed in at least 10 per cent of the cotton acreage 
of the counties. The outbreak was not as intense and 
did not cover whole areas as did some of those of the 
previous years. Instead, the injury tended to be 
scattered and local. 

Special attention was given to fields in five coun- 
ties where these outbreaks occurred, to determine, 
if possible, the conditions favoring bollworm injury 
and the value of silking corn as a trap crop. Records 
were made in 21 fields where 25 per cent or more of 
the bolls were destroyed. In all of these fields aphids 
had been present, and the aphid infestation had 
followed dusting for control of the boll weevil or 
leafworm. No serious bollworm damage was noted 
in these counties in fields in which aphid infestations 
were not obvious. A few fields with aphid infestation 
escaped bollworm injury. Ovipositing moths of the 
bollworm may have been concentrated on the cotton 
which was sticky with honeydew, or the predators 
may have been too fully occupied with destruction 
of aphids to be effective in destroying bollworm 
eggs. In any case, there was an obvious relationship 
between the aphid infestation and bollworm injury. 
Thus the outbreak appeared to be artificial in that 
it was developed by previous activity in insect 
control. 

There was no freshly silking corn near any of 
these 21 fields at the time the infestation was initi- 
ated. However, there were plantings of late corn 
near 19 of them which began silking after hatching 
of worms began. In four of these 19 fields moths 
continued to deposit eggs in sufficient numbers to 
maintain a destructive infestation of worms. In the 
other 15, the ovipositing moths apparently trans- 
ferred their attention from cotton to corn and little 
late infestation of cotton followed. In one instance 
where a small planting of late corn, less than 2 acres, 
was adjacent to a field of cotton of about 60 acres, 
the average number of eggs on fresh silks was over 
200 to the ear. Many eggs were also scattered over 
these corn plants. In all of these 15 fields, corn was 
effective as a trap crop and the infestation of cotton 
declined sharply with the beginning of silking. 

Summary.—Corn in silk appeared to be effective 
in most cases in attracting moths of the cotton 
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bollworm from cotton during a bollworm outbreak 
on cotton in Arkansas during the late summer of 
1946. In exceptional instances, however, where 
cotton was heavily infested with aphids, severe 
bollworm injury continued notwithstanding the 
= of silking corn. In this and previous. out- 

reaks in all instances of severe injury no freshly 
silking corn was near the injured fields at the time 
the infestation of cotton began. Bollworm outbreaks 
appear to be favored not only by the occurrence of 
aphids, but also by dry, hot weather, which shortens 
silking during midsummer. 
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Relation of Crib Type to Weevil Injury 
to Corn’? 


Dwicnt Isety, University of Arkansas, Fayetteville 


The rice weevil, Sitophilus oryza (L.), is the most 
destructive pest of corn in farm storage in Arkansas. 
Its importance in the South, and particularly in 
Alabama, was pointed out by Hinds (1914) who 
estimated that the damage which it caused to corn 
in storage in that state during a single year was not 
less than four million dollars. In Mississippi, 
Hamner & Lyle (1948) have estimated the annual 
damage by weevils to corn in storage as varying 
from 5 to 8 million dollars. In outlining procedures 
for protection of grain in farm storage from insect 
damage, Cotton (1938) divided the United States 
into four zones depending upon the severity of the 
problem. The pls se states, and this included 
Arkansas, he placed in a zone in which he stated 
that farm storage of grain, is “extremely hazardous,” 
and is not recommended except for short periods. 

Losses caused by the rice weevil in Arkansas are 
undoubtedly less than those in the Gulf States. 
Nevertheless the damage at times is nearly complete, 
at least as far as nutritive value of the grain is con- 
cerned. On the other hand corn frequently escapes 
injury altogether. An inquiry regarding the causes 
of this variation is desirable since fumigation, the 
commonly recommended method of control of wee- 
vils in stored corn, is not possible in most corn cribs 
in Arkansas. 

Three factors which most regularly control the 
degree of infestation are continuous storage, the 
weather, and the type of crib. Principal attention 
will be given to the relationship of the type of crib 
to infestation. The other factors will be discussed as 
they modify the importance of crib type. 

This is a summary of accumulated observations*® 
on corn in storage over a period of 6 years from 1941 


1 Research paper No. 853 Journal series, University of Arkan- 
sas, published with permission of the Director of the Arkansas 
Agricultural Experiment Station. 

2 Richmond: Program paper. 

_ ?Some of the records were made by Charles Lincoln, Exten- 
sion Entomologist. 
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to 1946 inclusive. All of the data are from cribs in 
which storage was continuous, that is, from one 
harvest season until the following season when corn 
was hardening in nearby fields. 

Continuous storage from one crop season to 
another is an almost essential characteristic of 
severe injury. This makes continuous breeding 
possible, since the infestation is carried by the rem- 
nant of one crop from one season to the new crop of 
the next. Corn held until the beginning of summer 
may also be severely injured. On the other hand, 
where the crop is utilized before the end of winter 
the loss is seldom important. Storing or corn from 
one season to the next has increased during the past 
few years as a result of an increased corn acreage as 
a part of cotton replacement, and with an increased 
interest in livestock production. 

The two weather factors which have a repressive 
effect on weevil population are summer drought and 
low winter temperature. Weevil infestations in corn, 
both in storage and in the field, were less frequent 
and less severe during summers of scant rainfall than 
during wet seasons. This is a response to the in- 
hibiting effect of low moisture content of grain upon 
survival and reproduction of weevils. The effect of 
low moisture content of grain upon weevil popula- 
tion is generally recognized (Cotton & Frankenfeld 
1945; Robinson 1946). 

The rice weevil is a tropical insect and is relatively 
much less important as a pest of grain in the North 
than in the South. It was noted by Hinds & Turner 
(1911), in Alabama, that when the winter tempera- 
ture falls below 20° F. there is a high mortality of 
weevils. Temperatures lower than this occur at 
times in the greater part of Arkansas during most 
winters. The importance of favorable winter tem- 
perature is also indicated by the fact that the pro- 
portion of infested cribs is three times as great in the 
two tiers of counties along the southern border of the 
state as in the central and northern counties. 

Approximately 43 per cent of the cribs in barns 
were found to be infested. On the other hand, among 
cribs which were separate from barns and used only 
for corn storage, only 13 per cent were apparently 
infested with weevils. Among the cribs in barns, all 
of those with floors on the ground were infested. 
These floors were usually of concrete but sometimes 
of planks. Cribs with floors on the ground were 
usually the ones with the largest weevil population. 
The uninfested cribs in barns al] had floors high 
enough above the ground to permit air circulation 
under them. 

Probably the difference in degree of infestations 
between different types of cribs is largely because of 
differences in moisture content of the grain stored 
in them. Cribs in barns with concrete floors, with 
hay lofts overhead and in which livestock introduce 
a certain amount of moisture, respond: to the drying 
effect of drought more slowly than slatted cribs used 
only for corn storage with good ventilation below 
and direct exposure to the sun’s heat on the roof. 
The floor on the ground is also obviously an impor- 
tant source of moisture. One pair of cribs on either 
side of a driveway in a barn have been under obser- 
vation for 5 years. The floor on one side is concrete 
and on the other of timber about 18 inches above the 
ground. The side with the concrete floor has always 
been infested even during the driest summer. On 
the other side infestations faded out during three 
summers included in this period. 

Cribs in barns also favor survival of weevils during 
winter more than slatted cribs used only for corn 
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storage. Warmth from animals and insulation pro- 
vided by hay reduces the extremes of temperature 
both in winter and summer. In a number of barns 
under observation in the northern part of Arkansas 
weevils survive winter regularly in large numbers 
while their occurrence in open cribs is erratic. 

Summary.—The type of crib in which corn is 
stored on farms is an important factor in determin- 
ing the severity of injury by the rice weevil. During 
dry summers, the weevil infestation is often absent 
in open isolated cribs while it usually occurs in 
cribs in barns. This is probably because the moisture 
content of corn is more rapidly reduced below the 
point where weevils can survive in isolated cribs 
than in barns. Also winter temperatures in isolated 
= are more unfavorable to weevils than in barn 
cribs. 
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Resistance of New Sweetpotato Seed- 
lings and Varieties to Attack by the 
Sweetpotato Weevil 


K. L. Cockernam and O. T. Deen, U.S.D.A., 
Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine! 


For a number of years the Louisiana Agricultural 
Experiment Station and the Bureau of Plant Indus- 
try, Soils, and Agricultural Engineering have been 
engaged upon a program of breeding sweetpotatoes 
to improve their quality, production, and disease 
resistance. In 1989 cooperative plans between the 
Bureau of Entomology and Plant Quarantine and 
the above agencies were formulated for the exami- 
nation of various seedlings and varieties for infesta- 
tion by the sweetpotato weevil, Cylas formicarius 
elegantulus (Summers), in an effort to find some that 
were weevil-resistant. 

During 1939 and 1940 small field plots ranging in 
size from single rows containing five plants to single 
rows 1 rod long were grown in St. Landry Parish, La. 
Most of the seedlings and varieties were grown with- 
out replication; only one or two, which were used 
for standards of comparison, were replicated. There 
were 304 plots in 1939 and 138 in 1940. While these 
plots were being harvested and observed for quality, 


1 Acknowledgment is made to Dr. Julian C. Miller, Depart- 
ment of Horticultural Research, La. Agricultural Experiment 
Station, who assisted in this work by supplying the plants used 
in the experiments reported in this paper. 
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production, and disease incidence, examinations 
were made for weevil infestation. Owing to the 
rapidity of the harvest, only hasty examinations 
could be made. During both years, however, more 
weevils were found in Menes Moeder (U. S. Intro- 
duction 47442) than in any of the other varieties. 

Owing to the smal] size of the plots, uneven plot 
distribution and weevil exposure, and insufficient 
replication, coupled with the limited time available, 
in subsequent years a smaller number of seedlings 
were planted in randomized and perlicated plots, 
each consisting of a single row from $2.5 to 40 feet 
long. Seedlings were selected that appeared to have 
different growth characteristics and to represent 
types producing potatoes that were higher and lower 
than average in moisture, starch, and carotene con- 
tent. Prior to harvest crowns of all the plants were 
examined for weevil infestation, and at harvest all 
infested potatoes were culled out and the weights of 
the infested and uninfested potatoes were recorded. 
Because of the variation in production between the 
seedlings, the potato infestation records were con- 
verted to percentages. 

In 1941 four varieties, consisting of Unit I Porto 
Rico, Nancy Hall, LA-5 (recently named Pelican 
Processor), and Menes Moeder, were grown in a 
latin square. Unit I Porto Rico had the lowest in- 
festation of plants and potatoes, and L4-5 had sig- 
nificantly more infested potatoes than the others. 
There was no difference between the two other va- 
rieties. It appeared that large, soft stems or crowns 
were favorable to weevil infestation. 

In 1942 four seedlings and a variety were grown 
in a latin square. Seediings $2-10-5 and 2X 16-39-2 
had fewer infested crowns than the others, and seed- 
lings $2-10-5, 16-39-15 and a variety Unit I Porto 
Rico had the lowest percentage of infested potatoes. 
Seedling 2X 16-39-2 had the most infested potatoes 
and the fewest infested crowns, and seedling 1 X6-39- 
15 had next to the fewest infested potatoes and by 
far the largest number of infested crowns. An ad- 
ditional seedling, 32-106-25, and another variety, 
Purple Stem Triumph, were planted in a field ad- 
jacent to Unit I Porto Ricos, but without replica- 
tion. There was little crown infestation in either, but 
at harvest 8 pounds of infested potatoes were culled 
out of the Triumph arid 0.8 pound were culled out 
of No. 32-106-25. Later, from 50 pounds of each, 10.1 
pounds of infested potatoes were culled from the 
Triumph and 2.8 pounds from No. 32-106-25. 

To determine whether weevils preferred the 
Triumphs or disliked 32-106-25, one potato of each 
and one Unit I Porto Rico potato were placed in a 
small cage and 20 adult weevils were introduced. 
Records were made of the number of weevils and 
feeding punctures found on each potato at intervals 
for several weeks. More weevils and feeding punc- 
tures were found on No. 32-106-25 than on either of 
the other potatoes. It appeared, therefore, that any 
retarding tendency that this seedling might possess 
must be due to growth characteristics and not to any 
chemical or food elements. This seedling had a large 
number of vines branching from the crowns, and 
the crowns were the hardest and toughest en- 
countered thus far, with definite carotene coloring 
inside; the roots carrying the potatoes were tough 
and the potatoes were hard, roundish, and medium- 
sized, and somewhat scattered in the hills. 

In 1943, five seedlings were planted in a latin 
square and five additional] seedlings were planted 
without replication. This time No. 32-106-25 had 
more infested potatoes than the others but produc- 
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tion was irregular and infestation very light. On a 
percentage basis this seedling had fewer infested 
potatoes than the others, but the infestation in the 
experiment was too light to be of much value. 

Ten seedlings were tested in 1944, nine in a lattice 
square and the tenth adjoining and without replica- 
tion. Seedling L175 had the fewest infested crowns 
and L140 had the fewest infested potatoes. L-4-5 
had the most infested potatoes, but again the infes- 
tation was too light to gain any worth-while com- 
parisons. 

In 1945 eight seedlings were grown in a latin 
square and No. $2-10-5 had the fewest infested 
crowns and no infested potatoes at all. 

In 1946 eight seedlings were again grown in a 
latin square, and again No. $2-10-5 showed fewest 
infested crowns and potatoes. ‘This was the first time 
that any seedling or variety had shown consistent 
resistance to weevils for two successive years in the 
presence of sufficient infestation to show significance. 
‘Lhis seedling possessed medium-sized and moder- 
ately tough crowns and long roots, resulting in a 
scattering of potatoes in the hill. 

The moisture, starch, and carotene content of 
sweetpotatoes of seedlings and varieties showing the 
highest and the lowest weevil infestations in the 
years tested are presented in table 1. 


Table 1.—Moisture, starch, and carotene 
content of sweetpotatoes having the highest 
and lowest weevil infestations, 1939-1946. 








WEEVIL 
Inres- Mois- Caro- 
TATION TURE STARCH TENE 


Micro- 


SEEDLING OR 
VARIETY 





Per Per 
Cent Cen 
Highest 68.4 


1939 Menes Moeder 


1940 Menes Moeder Highest — 
1941 Unit I Porto Rico 8. 

14-5 34. 61. 
1942 a 32-10-5 8. 74. 
2 X16-39-2 43. 73. 
1942 b 3$2-106-25 
PurpleStem Triumph 16. 
$2-106-25 

32-94-24 


$2-10-5 
Menes Moeder 


L140 
L4-5 


1943 a 


1943 b 


1944 


1945 


32-10-5 
32-94(OPF) 43-1 


32-10-5 
L127 


1946 





Conciusions.—The data obtained from the ob- 
servations reported in this paper indicate the follow- 
ing: 
41) Large, soft crowns or stems are favorable to 
weevil feeding and breeding. 

(2) There appears to be no direct relation between 
crown infestation and root or potato infestation, al- 
though there sometimes appears to be a trend in that 
direction. 

(3) Seedlings and varieties that possess long roots 
to which potatoes are attached, and which set po- 
tatoes scattered in the hill, appear desirable for re- 
tarding or preventing weevil attack. 
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(4) Seedlings 32-106-25 and 32-10-5 possess the 
above-described characteristics and have shown less 
weevil infestation than other seedlings and varieties 
grown in tests with them. 

(5) In the six years, from 1941 through 1946, where 
records are available, sweetpotatoes of the seedlings 
that showed the lowest infestation were high in 
moisture and carotene and low in starch content, 
and, conversely, those that showed the highest in- 
festation were low in moisture and carotene and 
high in starch content. 

(6) There appears to be opportunity for breeding 
sweetpotatoes with characteristics that will be un- 
favorable for weevil attack.—1-23-47. 


Effect of Concentration of DDT in Oil 
Aerosols on Toxicity to Mosquito 
Larvae! 


Frank Brescia,” College of the City of New York 


In the course of our researches with the Insecti- 
cidal Aerosol generator developed at Columbia 
University (1946), it became necessary to compare 
the toxicity of an aerosol composed of non-volatile 
oil droplets containing 10 per cent DDT by weight 
with the toxicity of an aerosol composed of super- 
cooled liquid DDT. Using A édes aegypti larvae as the 
test insect, results indicate the two differently com- 
posed aerosols are of equal toxicity to the larvae. 

LARVAL TEecunic.—Mosquito eggs received from 
the Entomological Testing Laboratory were placed 
in a petri dish containing tap water, and kept in a 
room at a temperature of about 80° F. A very small 
amount of food (finely ground dog-food) was placed 
on the water surface. The larvae began emerging a 
few hours after being placed in the water. The total 
time which elapsed between the introduction of the 
eggs in the water and the test was 48 hours. 

An hour before the test, 35 larvae were dipped 
out of the petri dish into each of 16 pint mason jars 
containing tap water at room temperature. 

EXPERIMENTAL ProcepurE.—The test (May 12, 
1945) was carried out in a room 15 by 20 by 10 ft. 
Room temperature was 55° F. The jars of larvae 
were placed on a table, the water level brought up 
to the top of the jars, and the caps replaced. 

The generator was placed outside the room and 
the aerosol was directed into the room through the 
door for the time calculated to give equal amounts 
of DDT from two different emulsions. The first 
emulsion produced the DDT in non-volatile oil drop- 
lets containing 10 per cent DDT; the second emul- 
sion produced a highly supersaturated solution con- 
taining 55 per cent DDT in an emulsifier. The par- 
ticle diameter (10 microns) was the same so that 
equal rates of DDT deposition are obtained. 

After the aerosol was introduced into the room, 
the caps were removed from six jars and replaced 
after varying lengths of time to give different ex- 
posures. 

Three control jars were kept sealed on the table 
in the test room throughout the test period, and one 
jar was kept in the laboratory. 


1 This paper is based on work done for the Office of Scientific 
Research and Development under O.S.R.D. Contract No. 
OEMsr 1388 with Columbia University, Prof. V. K. LaMer, 
Contract Director. 

2 Authorship includes Irwin B. Wilson, Chemistry Depart- 
ment, College of the City of New York, Kenneth C. Hodges, 
John C, Rowell, Chemistry Department, Columbia University. 
These names do not appear for bibliographical reasons. 
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Resvutts anv Discussion.—The larvae, exposed 
and unexposed, were left in the test room and ex- 
amined twenty-four hours after the test. Room tem- 
perature was 50° F. The results tabulated below 
show both types of aerosols were of the same toxicity 
for practical purposes. 

It should be noted however that DDT aerosols 
produced from volatile oils, such as diesel oils, will 








Per Cent Deap 


Emulsion 1 Emulsion 2 
95 90 
1 100 100 
3 100 100 
5 100 100 
10 100 100 
15 100 100 


Per Cent Dead 





Checks 


Test Room 10 
20 
15 
Laboratory 10 











probably not be effective against larvae in open 
fields when the wind speed is above 3 m.p.h. With 
such winds, evaporation of the oil will most likely 
reduce the initial particle diameter to a size at which 
ground deposition in the high wind will not suffice to 
control larvae for large distances down wind (1946). 
Such aerosols are, however, practical for field control 
of adults. 

Conciusion.—DDT aerosols produced from 
volatile solvents are equally effective as larviciding 
agents as those produced from non-volatile oils. In 
field work, however, the initial particle size must be 
larger than the particle diameter required to give 
the desired ground deposition with wind speeds 
greater than 3 miles per hour. 


LITERATURE CITED 


Brescia, F., et al. 1946. Saltmarsh and anopheline 
mosquito control by ground dispersal of 
DDT aerosol. Jour. Econ. Ent. 39(6): 
698-715. 





Leaf-Disk Technique for Laboratory 
Tests of Acaricides' 


E.H. Srecier, U.S.D.A., Agr. Res. Adm., Bureou of 
Entomology and Plant Quarantine 


Because of their small size, their abundance under, 
favorable conditions, and at times their rapid move- 
ment on the host plant, phytophagous mites are dif- 
ficult to handle in experimental work. To evaluate 
the acaricidal effectiveness of spray materials, counts 
to determine mite mortality must be made with a 
binocular microscope. Therefore it is necessary to 
choose host samples on which the mite population is 
small enough so that the mites can be counted with 


1 This article is reprinted from the April issue of the JournaL 
because the illustration was omitted from that issue. Inasmuch 
as the article deals with technique and the illustrations are a 
necessary part of the explanatory matter it seems that the 
reprinting is demanded. Eprtor. 
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a high degree of accuracy. As a means of conducting 
tests in the laboratory the writer has devised a 
method which he has called ‘leaf-disk technique.’ 
To provide a source of mite material the two-spot- 
ted mite, Tetranychus bimaculatus Harvey, is reared 
in a greenhouse on bush lima beans. A leaf is re- 
moved from the plant and a suitably infested area is 





Fie. 1.—Materials and equipment used in leaf-disk 
technique for laboratory tests of acaricides: A, Bean 
leaf; B, cork cutting block; C, cork borer; D, petri 
dish with bean-leaf disks and moistened cotton; 
E, forceps; F, stop watch; G, beaker containing test 
material. 


Table 1.—Typical results obtained with leaf 
disk technique in laboratoy tests of acaricides. 








MATERIAL AND NUMBER OF 














DosaGE Mites 
(Quantity PER Disk = =——————-—-— 
100 Gat.) No. Alive Dead 

{1 1 11 
Lime-sulfur (conc.), 2 \2 Q 18, 
quarts plus Dreft, 8 {3 0 16 
ounces \4 1 17 
(5 4 24 

Total 8 86 

2 15 3 

2 12 2 

Dreft, 8 ounces 13 22 2 
+ 2} ] 

5 4 11 

Total 74 19 

fl 19 4 

lg 24 0 

Distilled water (check) 3 19 4 
4 22 1 

(5 26 1 

Total 100 10 





placed on a cork cutting block and cut out by means 
of a short cork borer having a diameter of .87 inch. 
The leaf disks, usually five per test, are placed in a 
petri dish, and then removed, one at a time, with for- 
ceps and immersed in the stirred test material for a 
period of 3 seconds. After treatment, the disks are 
returned to the petri dish, which is provided with 
moist cotton, and held until examined for counts of 
mites (nymphs and adults) alive or dead. Ovicidal 
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data can be obtained at the same time if eggs are 
present. 

Certain data selected to illustrate the uniformity 
of the results obtained with the leaf-disk technique 
are given in table 1. The disks were immersed on 
May 22, 1946, and the results were taken two days 
later.— 12-23-46. 


Increase of Frosted Scale' Following 
Use of DDT and Other Sprays 


W. W. Mippiexavrr, A. E. Micne.Bacrer and 
Cuiark Swanson,” University of California, Berkeley 


A number of investigators have reported serious 
increases of certain mites and insects following the 
use of DDT on agricultural crops. Baker & Porter 
(1945) and Newcomer, Dean & Carlson (1946) 
report an increase of wooly apple aphid; Driggers 
(1946), European red mite; Ebeling (1945), citrus 
red mites and citrus aphids; Gray (1945), two- 
spotted mite; Loftin (1944), Aphis gossypii and 
Tetranychus sp.on cotton; Michelbacher et al. (1947), 
frosted scale and orchard mite; Smith (1945), turnip 
and cabbage aphids; Wheeler & La Plante (1946), 
red spider mites; and Woglum (1946), cottony 
cushion scale. 

The present paper contains additional observa- 
tions on the comparative increase of frosted scale 
following one and two seasons’ use of DDT and 
other sprays upon Payne walnut trees at Linden, 
California. 

Marertats AND Metrnops.—The composition of 
the different materials used, per 100 gallons, was as 
follows: 

DDT .—50 per cent wettable powder, 2 lbs.; light 

oil emulsion, 0.33 gallon. 

DDT +dry nicotine concentrate.—50 per cent DDT 
wettable powder, 1 Ib.; 14 per cent nicotine 
alkaloid dry concentrate, 1 1b.; DDT depositor, 
0.38 Ib.; light oil emulsion, 0.33 gallon. 

DDD.—50 per cent wettable powder, 2 lbs.; light 
oil emulsion, 0.33 gallon. 

Dianisyl trichloroethane—25 per cent wettable 
powder, 4 lbs.; light oi] emulsion, 0.33 gallon. 

Standard lead arsenate.—8 |bs.; safener (commer- 
cial basic zine sulfate containing 50 per cent 
zinc) ; light oil emulsion, 0.33 gallon. 

Basic lead arsenate.—4 \bs.; light oil emulsion, 
0.33 gallon. 

Nicotine-lime dust.—1 quart of nicotine sulfate 
per 100 lbs. of lime, used at the rate of ap- 
proximately 1 Ib. per tree. 

The plot lay-out and methods of application are 
fully explained in previous publications (Michel- 
bacher et al., 1946 and 1947). 

Relative populations of immature scales were 
determined on December 4, 1946, by counting all 
live individuals on a 2.5 inch portion of twig of the 
current season’s growth. Ten twigs were selected at 
random from the skirt of each tree. The 2.5 inch 
sample to be examined was marked with a knife and 
then examined under a dissecting microscope in the 
laboratory. Counts were made during a period of 
several days and the twigs were placed under re- 
frigeration until] examined. To insure greater accu- 
racy, the scales were destroyed as counted. 


1 Lecanium pruinosum Coquillett. : ? 

2 The writers wish to thank the following graduate assistants 
for their help: T. W. Fisher, W. H. Hart, H. T. Reynolds, and 
W. S. Sibray. 
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The nicotine dust applications mentioned in 
tables 1 and 2 were applied for aphid control. 

OBSERVATIONS AND Resutts.—Materials used 
and scale counts obtained are summarized for the 
single tree replicated plots in table 1, and for the 
commercial blocks in table 2. 

In the 7 by 7 latin square single tree plot the un- 
sprayed trees averaged 0.3 of an immature scale per 
twig sample. The trees receiving basic lead arsenate 
averaged 0.8 scale. Where one spray of 1 pound of 
actual DDT per season (treatment 3) in 1945 and 
1946 was used, the scales averaged 9.3 per twig 
sample. On the trees receiving two applications of 


Table 1.—Effect of various codling moth sprays 
upon the population of the frosted scale on single 
tree plots of Payne variety of walnuts. 








2.5IncH Ava. 
Twies SCALES 
Exam- PER 
TREATMENT AND DatesAPPLIED MINED ‘TWIG 





1. Check (unsprayed) 70 0.3 
2. DDT 8 ounces! May 4 and 
standard lead May 81, 1945 
DDT 8 ounces plus standard 
lead 1.5 Ibs. May 7 and 


June 17, 1946 70 2.2 
3. DDT 1 lb., May 4, 1945 
DDT 1 lb., May 7, 1946 70 9.3 
4. DDT 1 lb., May 4 and May 
81, 1945 
DDT 1 lb., May 7 and June 
17, 1946 70 4.0 
5. DDD 1 |lb., May 7 and June 
17, 1946 50 2.0 
6. Basic lead arsenate, May 7 ‘ 
and June 17, 1946 50 0.8 





1 Expressed as actual DDT. . 
All of the above received nicotine dustings on May 11, June 8, 
and July 30, 1946. 


DDT in 1945 and two in 1946, the scale build up was 
less than half of that in treatment 3, where only one 
spray per season was used. This may be due to the 
fact that oviposition begins in May and the young 
crawlers hatching several weeks later were then 
present on the leaves and twigs in rather large 
numbers when the second DDT spray was applied. 
A number of these may have succumbed to this 
second spray. Nicotine dusts applied on June 8 and 
later were observed to cause heavy mortality to 
young crawlers on the leaves. In treatment 2 where 
the amount of DDT was reduced to _8 ounces in 
1945 and 1946, the build up was considerably less 
than where one pound was used both seasons. 

In the commercial blocks (Table 2) which were 
contiguous to the single tree plots, the figures are 
much more surprising. Treatment 1 showed an 
average of 65.0 scales per twig sample. In an adja- 
cent block (treatment 2) the reduction of the DDT 
to $ lb. in the 1946 season plus the addition of 1 lb. 
of 14 per cent nicotine concentrate still permitted a 
very heavy build up which averaged 54.9. Treat- 
ments $ and 4 are identical except for one additional 
nicotine dusting which was applied July 30 to 
treatment 4. The reduction of scales in the latter 
may in part be attributed to this application of dust. 
Two applications of 8 ounces actual DDT plus 
nicotine concentrate (treatment 6) permitted no 
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Table 2.—Effect of various codling moth 
sprays upon the popvlation of the frosted scale on 
commercial blocks of Payne variety of walnuts. 








No. 
oF 2.5 Ava. 
Incn No. oF 
Twics ScALEs 
EXAM- PER 
TREATMENT AND Dates APPLIED INED TwiG 





1. DDT 1 Ib.,! May 4, 1945 
1. DDT 1 Ib., May 7, 1946 
Nicotine dusted June 8 and 
June 19, 1946 
2. DDT 1 lb., May 4 and 81, 1945 
DDT 8 ounces plus nicotine 
May 7, 1946 
Nicotine dusted June 8, June 19 
and July 30, 1946 100 54.9 
3. DDT 1 Ib. May 7, 1946 
Nicotine dusted June 8 and 
June 19, 1946 100 15.0 
4. DDT 1 lb. May 7, 1946 
Nicotine dusted June 8, June 19 
and July 30, 1946 100 9.5 
5. DDT 8 ounces plus nicotine 
concentrate 1 lb. May 7, 1946 
Nicotine dusted June 8, June 19 
and July 30, 1946 100 si5.7 
6. DDT 8 ounches plus nicotine 
concentrate 1 Ib. May 7 and 
June 17, 1946 
Nicotine dusted June 8 and 
June 19, 1946 
7. Dianisyl trichloroethane 1 |b., 
May 7, 1946 
Nicotine dusted June 8, June 
19, and July 30, 1946 215 7.0 
8. Standard lead arsenate, May 7, 
1946 
Nicotine dusted May 11, June 8 
and July 30, 1946 50 0.6 


100 65.0 


100 0.4 





1 Expressed as actual DDT. 


increase in the scale population. An analog of DDT, 
dianisy] trichloroethane (treatment 7) permitted a 
build up to an average of 7.0 scales per twig. A 
block receiving standard lead arsenate averaged 
0.6 scales per twig. 

Discussion.—While conceding that spontaneous 
flare-ups of various insect pests are not unusual, 
recent data show numerous examples of increases of 
certain insects and mites following the use of DDT. 
Counts of adult scales were made on May 10, 1946 
after one season’s use of DDT (Michelbacher et al., 
1947) and were used to establish the population base 
for late season build up. 

To date, not enough information is available to 
explain the reasons why DDT permits the frosted 
scale to increase. It is conceivable, however, that 
the use of DDT materially reduces the population 
of parasites and predators which normally hold it in 
check. 

The difference in scale build up between the 7 by 7 
individual tree plots and the large commercial 
blocks may well indicate the effect of DDT upon the 
natural predators and parasites. In the single tree 
plots, adjacent non-DDT treatments could have 
supplied sufficient predators and parasites to permit 
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a partial suppression of scales. The commercial 
blocks receiving corresponding treatments were 
much more insulated, and may indicate what might 
happen where DDT ‘is used on a large commercial 
scale. At least in these investigations, the severity of 
the scale infestation increased when the treatments 
were applied on a commercial scale. A speculation 
of this effect has also been suggested by Newcomer 
et al. (1946). 

Summary.—Results of two seasons’ application 
of DDT and other spray materials for control of 
codling moth on Payne walnuts at Linden, Cali- 
fornia, permitted a considerable build up of the 
frosted scale. Immature scales were counted and 
results of various treatments compared. Check trees 
and trees receiving standard or basic lead arsenate 
averaged from 0.3 to 0.8 scales per twig, while those 
trees which received DDT 1 pound actual in 1945 
and again in 1946 averaged for the single tree plot 
9.3 scales and for the commercial blocks 65.0 scales 
per 2.5 inch twig sample. Two sprays of DDT 8 
ounces actual plus 1 pound of 14 per cent dry nico- 
tine concentrate held the scales to an average of 0.4 
in the commercial blocks. 
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Thermal Decomposition of DDT 
Dispersed in Water’” 


LAURENCE K. Curxomp, Division of Entomology and 
Economic Zoology, University of Minnesota, St. Paul 


A number of factors influence the toxic effects of 
an insecticide when tested as an aqueous dispersion 
against mosquito larvae. Bacterial contamination is 
one factor which is seldom controlled. In connection 
with toxicity studies using pure DDT [2,2-bis 
(p-chlorophenyl) 1,1,1-trichloroethane] an auto- 
claved DDT dispersion was found to be at least 40 
per cent less toxic than a dispersion kept at room 
temperature. This marked loss in toxicity of auto- 
claved DDT dispersions was the stimulus for 
chemical] studies to explain such a difference. Fleck 
& Haller (1946) found a catalytic removal of hydro- 
gen chloride from DDT using 0.01 per cent anhy- 
drous ferric chloride and cther catalysts at tempera- 
tures ranging from 110° to 120° C., but in the 
absence of catalysts pure DDT (m.p. 108.5° to 
109.5° C.) under dry conditions does not decompose 
until temperatures of 140° to 145° C. (West & 
Campbell 1946) or 195° C. are attained (Balaban 
& Sutcliffe 1945). 


Table 1.—Treatments of DDT and results. 








PERCENTAGE DDT 





Num- DETERMINED 
BER OF —-——-—---— —-- 
TREATMENT Triats Range Average 
None 9 71-95 88 
Autoclaved ca. 15 Ibs. 
15-20 minutes 5 12-74 40.4 
Boiled 15-20 minutes 6 0-12 7.5 
-Heated (88-97° C.) 3 26-40 34.8 
Heated (80° C.) l 88.5 88.5 
HCl, 0.1 N 1 81.9 81.9 
HCl, 0.1 N, boiled 20 
min. 1 5.4 5.4 
NaOH, 0.1 N 1 60.2 60.2 
NaOH, 0.1 N, boiled 20 
min. 1 0.0 0.0 
Aerated 2 hours 1 92.3 92.3 





EXPERIMENTAL.—The colorimetric determination 
of DDT (Schechter et al., 1945) was employed with 
readings being made on a Coleman Model 11 spectro- 
photometer .A purified sample of DDT (mp. 
108.6° to 109.5° C.) was dissolved in C. P. acetone 
and added to double distilled water at the rate of 
1 p.p.m. (0.1 per cent acetone). C. P. benzene 
extracted DDT from the water for determinations. 
After the solvent was driven off on a steam bath 
the DDT residuum was nitrated and carried through 
to culor development (Schechter et al. 1945). Blanks 
with 0.1 per cent acetone were run simultaneously. 

Resvutts aNnp Discussion.—A definite chemical 


1 Paper No. 2293 of the Scientific Journal Series, Minnesota 
Agricultural Experiment Station, St. Paul, Minnesota. 

2 The work described in this paper was begun under a con- 
tract, recommended by the Committee on Medical Research, 
between the Office of Scientific Research and Dew elopment and 
the University of Minnesota. It was completed under a similar 
contract between the Medical Division of the Chemical Warfare 
Service and the University ef Minnesota. Advice and interest 
given by A. G. Richards, Responsible Investigator, is greatly 
appreciated. 
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decomposition of DDT occurred when used as a 
1 part per million dispersion in distilled water and 
heated to 90° C. and above (see table and graph). 
Pressures of autoclaving ranged from 18 to 17 lbs. 
corresponding to a 121° C. average. DDT recoveries 
from autoclaving varied from less than 25 per cent 
(3 trials) to over 60 per cent (2 trials), while 15 to 20 
minutes boiling produced samples of 12 per cent or 
lower DDT content. Recovery was satisfactory at 
80-85° C. An alkali media gave the expected DDT 
loss while DDT appeared stable in the acid medium. 

A study of the color curves produced under the 
various treatments gave evidence of the expected 
mixed DDT and dehydrochlorinated p,p’-DDT 
[2,2-bis (p-chlorophenyl) —_ 1,1-dichloroethylene] 
under alkaline conditions (in vitro studies of White 
& Sweeney 1945). However, the autoclaved and 
boiled samples did not appear to yield dehydro- 
chlorinated p,p’-DDT, p,p’-DDA [bis (p-chloro- 
phenyl) acetic acid], bis (p-chlorophenyl) methane, 
or 4,4’-dichlorobenzohydrol since these compounds 
give reddish colors under this treatment (Schechter 
et al.). There is some indication that the decomposi- 
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o—o UNHEATED 
Fia.1.—Absorption curves representing the poly- 
nitro compounds of DDT and decomposition prod- 
ucts after a DDT dispersion in water has been 
subjected to the various treatments listed. Values 
are averages except where single determinations 
were made (see table). 


tion products resulting from boiling and autoclaving 
are different compounds. It is conceivable that low 
DDT recovery values could be due to volatilization 
under boiled treatment but this explanation is un- 
likely with autoclaved and sub-boiled samples. 

Two experiments with aerated samples revealed 
no chemical breakdown after 2 hours treatment, but 
DDT was no longer evenly distributed in the aque- 
ous media. A pipetted sample yielded only one- 
third the DDT extracted from the sides and bottom 
of the flask. Visual observation of an old and a well 
aerated sample discloses a number of DDT par- 
ticles on the bottom of the flask. Chemically, DDT 
appears unchanged but an aerated or aged dispersion 


would be less toxic to organisms because of the phys- 
ical alteration of the DDT dispersion. 

Summary.—A dilute DDT dispersion in water 
heated above 90° C., boiled or autoclaved, decom- 
poses chemically. The breakdown prcducts were not 
determined, but it is possible that those resulting 
from heating or boiling are distinct from autoclaved 
breakdown compounds. Under these experimental 
conditions none of the compounds having a maxi- 
mum in the 520 to 560 millimicron range (reddish 
colors) are evident. This includes dehydrochlori- 
nated p,p’-DDT and DDA. Aerated and aged 
dispersions showed no chemical breakdown of 
DDT, but a physical change took place in that 
DDT was more concentrated at the bottom and 
sides of the flask.—1-18-47. 
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A Syringe for Artificial Insemination 
of Honeybees 


Wituiam C. Rosperts, University of Wisconsin,' 
Madison 


The establishment of improved lines of honeybees 
has long been delayed because of the inability of 
the beekeeper to control matings. A solution to this 
problem has been found in artificial insemination. 
In recent years this technique has been improved 
through better instruments and increased knowledge 
of honeybee morphology and physiology. 

In place of the glass-tipped syringe used by earlier 
investigators, the author now used one made of the 
clear plastic Lucite A Lucite tip is superior to glass 
because it is not easily broken, sharp edges are 
eliminated, and it can be machined and drawn to the 
desired diameter and bore. Threaded replaceable 
tips can be readily changed and are easily cleaned. 
Lucite does not have the surface hardness of glass 
and consequently will-wear slowly. It should not be 
boiled for cleansing since Lucite tips soften and 
distort when boiled in water. The plastic tips can be 
cleaned with mild soap and water. Grease and oils 
are removed with hexane, naphtha, or methanol. A 


1 In cooperation with the Division of Bee Culture, Bureau of 
——. and Plant Quarantine, U. S. Department of Agri- 
culture. 

The author wishes to thank Mr. L. K. Henke, Mechanician in 
the Department of Chemistry, for his excellent suggestions in the 
construction of this instrument and the privilege of using the 
machine-shop facilities. 

2 Product of the E. 1. du Pont de Nemours & Company (Inc.). 
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quick rinse in ethyl alcohol will sterilize tips. How- 
ever, the, should not be left in alcohol since it 
slowly dissolves the plastic. 

The machining qualities of Lucite and brass are 
quite similar. Since this plastic is a poor conductor 
of heat, it is necessary to prevent overheating when 
drilling, cutting, or polishing. Drills should be lubri- 
cated with mineral oil or an oil solution (2 per cent 
soluble oil in water). Frequent removal of chips is 
necessary when drilling deep holes, and the hole is 
filled with the oil solution at each removal of the 
drill. Sharp drills and proper lubrication give uni- 
form and polished inside walls to the tip. This results 
in good suction without the necessity of a lubricant 
when picking up sperm. 





saa 





Fic. 1.—Parts of the syringe showing 
extra tip and plunger. 
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Fig. 2.—Structural details of 
the tips and plunger. 


All of the syringe parts are shown in figure 1, and 
the structural details of the tips and plunger are 
given in figure 2. Since the measurements and de- 
tails of construction of the barrel, turning screw, 
couplings, and supplemental rod are of secondary 
importance, they will not be described. Their ap- 
proximate size can be ascertained from the picture 
and operators wil] doubtless alter these parts to fit 
their own syringe holders and accessories. The 
universal joint between the turning screw and the 
supplemental rod allows the metal plunger to move 
within the tip without the rotation of the turning 
screw. This reduces wear and aids in giving better 
suction. 
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The tip is made from a Lucite rod of .1875-inch 
diameter. This is placed in the machine and drilled 
for about 1 inch with a No. 72 (.025 inch) drill. A 
smaller drill—No. 79 (.0145 inch)—provided with a 
long shank is then used to drill an additional .1 inch 
in the bottom of the .025-inch drilled hole. The 
outside diameter is then turned down to .164 inch 
and the end threaded for a distance of. about .25 
inch with an 8-32 threading die. Before removing the 
rod from the machine, its diameter between the 
threaded portion and the end of the drilled portion 
can be reduced to the approximate size of the main 
portion of the tip (.085 inch). 

The end of the tip containing the small hole is 
then uniformly heated by rotating on an electric 
soldering iron until it Lenaiaae soft enough to 
stretch. This .l-inch section with the .0145-inch 
diameter bore is then stretched to a length of .2 to 
.25 of an inch and while stil] held taut it is hardened 
in cold water. If properly heated, the .025-inch 
diameter hole is not distorted. The .0145-inch 
drilled hole becomes a gradual taper from that 
diameter down to less than .008 inch. The end of the 
tip is then filed off square and the outside diameter 
reduced to not over .012 inch. Number 2 cut files 
can be used to reduce the diameter to near size, but 
the polishing should be done with 9/0 production 
finishing paper. The final polish may be obtained by 
rubbing with moistened cigar ash. 

The plunger can be made from spring brass wire 
of .025-inch diameter. It must be uniformly round 
and straight without sharp edges. The butt end is 
soldered into a .0625-inch brass rod which has been 
threaded to screw into the supplemental rod of the 
syringe.—1-6-47. 





Spittle Bugs in Relation to Alfalfa Seed 
Production in Wisconsin’ 


J. M. Scuoun and J. T. Mepuier? 


The spittle bug, Philaenus leucophthalmus (Linn.) 
and its varieties, has become an economically im- 
portant pest of alfalfa in Wisconsin during recent 
years, particularly in the area southward from 
Green Bay and between Lake Winnebago and Lake 
Michigan. Fisher & Allen (1946) caged adult spittle 
bugs on alfalfa and observed dwarfing, rosetting, 
blossom blasting, and necrosis of foliage following 
approximately one month of feeding. The damage 
in cages was not so great as that caused by feeding 
of nymphs which had been observed in the field 
earlier. Additional observations have been made by 
us in conjunction with alfalfa seed experiments and 
are reported below. 

Philaenus leucophthalmus is represented in Wis- 
consin by all of the eight varieties listed by Doering 
(1930). The identification of varieties was made 
from a sample taken from a total of 60,919 adults 
that were collected in connection with insect popu- 
lation studies in alfalfa fields during the summer of 
1946. Collections in two areas of the state were 
grouped separately, and 1812 and 1479 specimens 
respectively were sampled for identification in 
the two areas. Table 1 gives the relative percentages 


1 This work was supported in part by a grant from the Wiscon- 
sin Alumni Research Foundaticn. ; : 

2 Research assistant and assistant professor respectively in the 
Departments of Economic Entomology and Agronomy, Univer- 
sity of Wisconsin. 
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of the different varieties in the areas. The most 
common varieties are P, pallidus, which is uniformly 
yellow or yellowish-brown, and P. spumarius, which 
is yellow- or fuscous-brown with two light colored 
spots on the costal margin of the forewing. 


Table 1.—Distribution of varieties of Philaenus 
leucophthalmus in Wisconsin alfalfa fields in 
1946. 











East- SouTH- 

CrenTRAL CENTRAL 
AREA AREA 
PER PER 
VARIETY CENT CENT 
P. fabricit Van Duzee 11.6 14.2 
P. fasciatus (Fabr.) 1.6 1.4 
P. lateralis (Linn.) 2.8 2.3 

P. leucocephalus (Linn.) 0.1 -- 

P. leucophthalmus (Linn.) 2.1 1.6 
P. marginellus (Fabr.) — 0.1 
P. pallidus (Zett.) 39.8 30.3 
P. spumarius (Fall.) 42.3 50.1 





Injury to alfalfa results from the feeding of either 
nymphs or adults. The spittle masses of the nymphs 
were observed on 75 to 99 per cent of the alfalfa 
stems in many eastern Wisconsin fields in 1946. The 
most characteristic symptom of injury is the dwarf- 
ing and bunchy-top condition that is illustrated in 
figure 1. Heavy nymphal feeding probably weakens 
the plant and lessens the amount of bloom. There is 
also a possibility that this injury is correlated with 
reduced alfalfa seed yields, since it was observed 
that fields having heavy infestations of nymphs gave 
relatively poor second-crop yields in insecticide- 
treated plots. 

The adult may also cause seed injury in addition 
to the plant injury that was reported by Fisher & 
Allen (1946). Field observations at Chilton, Wiscon- 
sin in 1945 showed a direct correlation between the 
percentage of shriveled and blackened seed and the 
extent of adult puncturing and feeding on green seed 
pods and immature seed. Although pod formation 
appeared to be normal, very little seed was present 
at harvest and the spittle bug injury is thought to 
have caused in large part the almost complete 
failure in seed yield. 

Seed injury was further investigated in 1946. 
Screen cages atout 6 inches in diameter and 2 feet 
high were placed over alfalfa plants when they were 
through flowering but while the seed pods were still 
green. About a dozen adult spittle bugs per plant 
were placed in the cages, and an uninfested cage was 
kept as a check. The seed was examined for injury 
when the pods were mature. It was found that 50.5 
per cent of the seed in the infested cages was shriv- 
eled, while only 18.6 per cent of the seed in the 
check cage was shriveled. More detailed studies are 
planned to further clarify the nature of the feeding 
injury described above. 

The spittle bug should be controlled in the nymph- 
al as well as the adult stage in fields that are to be 
used for seed production. The insecticidal control of 
adults only without control of the nymphs is not 
satisfactory in localities where large populations are 
present and migration into alfalfa can take place 
from various other host plants. A preliminary ex- 
periment for the control of nymphs was made in 
1946 with sabadilla, nicotine and rotenone as sprays 
and dusts in randomized plots in two replicates. 
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Fig. 1.—Spittle bug injury to alfalfa by nymphal 

feeding. The stem at the left is normal, those on the 

right show the characteristic dwarfed and bunched 
appearance of infested stems. 


DDT was not tested in this experiment because plots 
were laid out where the alfalfa was cut for hay. The 
percentage of infestation was based on a count of 
alfalfa stems with spittle masses in a sample of 100 
stems per plot, selected at random, since it is difficult 
to estimate populations of nymphs by ordinary 
— ing methods. The infestation was 82.5 per cent 
at the time the insecticides were applied on 
Sait 13. Table 2 gives the infestation count one 
week later. It appears that none of the insecticides 
gave significant control. Mundinger (1946) reported 
that 1% rotenone dust was effective as a control 
measure for nymphs in New York, and stated that 
the proper timing of treatment is an important 
factor in control. Further experiments to test other 
insecticides and time of application are planned for 
Wisconsin. 

The value of insecticides in controlling adult 
spittle insects appears to be uncertain. In 1945, 5 
per cent DDT and 10 per cent sabadilla were used 
as dusts on seed plots near Chilton. Table 3 shows 
the relatively large populations present, and the 
downward trend in all] plots suggests natural mor- 
tality rather than an insecticidal effect. A seed yield 
of 8, 3, and 2 lbs. for the DDT, sabadilla, and un- 
treated plots, however, suggests that there may have 
been some control of the spittle bugs which was not 
indicated by the sweeping. 

In 1946 a trap strip was tried for the control of 
spittle bugs ons other injurious insects in alfalfa 
seed plots. A 28-foot swath was cut lengthwise 
through a 7-acre field on June 20. On July 5, when 
the swath showed about 6 inches of new growth, the 
remainder of the field was cut. Spittle bugs and 
other insects migrated during this time into the 
succulent new growth in the trap strip. The trap 
strip was dusted with 5 per cent DDT at the rate of 
70 lb. per acre on July 8. The number of adult 
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Table 2.—Effects of dusts and sprays on occur- 
rence of spittle masses in alfalfa plots in 1946. 











PER 
CENT 
Aver- Repvuc- 
Piotr AGE TION 
Per Per FROM 
TREATMENT Cent Cent Cueck! 
Untreated check 84.0 
80.0 82.0 — 
Sabadilla spray 76.0 
2\bs. in 100 gal. peracre 58.0 67.0 18.3 
Sabadilla dust 86.0 
10% at 40 lb. per acre 82.0 84.0 —_ 
Nicotine spray 84.0 
1 to 400 at 100 gal. per 
acre 64.0 74.0 9.8 
Nicotine dust 90.0 


3% at 40 lb. per acre 72.0 $1.0 1.2 


Rotenone spray 
9 Ibs. of 4.4% rotenone 58.0 
at 100 gal. per acre 72.0 65.0 20.8 


Rotenone dust 80.0 
1% at 40 lb. per acre 50.0 65.0 20.8 





1 No significant differences at 5 per cent level. 


spittle bugs just prior to dusting averaged 10 per 
sweep with a 12-inch insect net. The next day only 
1 spittle bug per sweep was found. No other treat- 
ment was given to the field. The seed harvest from 
the trap strip was 320 lbs. per acre, while the average 
yield from the remainder of the field was 132 lbs. 
per acre. Under these conditions it appears that 
5 per cent DDT may effectively reduce the numbers 
of adult spittle bugs. The difference in yield between 
the trap strip and untreated part of the field perhaps 
can be explained by the residual action of DDT on 
other injurious insects, and the difference in time of 
cutting. 

Observations reported above have shown that 
spittle bugs are economically important in many 
Wisconsin alfalfa fields. The feeding of nymphs and 
adults causes a characteristic bunchy-top condition 
of the plants. The feeding of adults on immature 
seed pods also may be a factor in alfalfa seed produc- 
tion since it results in shriveled seed. A trap strip 
treated with 5 per cent DDT appeared to reduce 
the numbers of adults in an alfalfa field left for seed 
production, but further experimental work is needed 


Table 3.—Spittle insect populations in alfalfa 
plots at Chilton, Wisconsin in 1945. 








Averace NuMBER oF ADULTs PER SWEEP 











Dates 
July Aug. Aug. Aug. Sept. Sept. 

TREATMENT $1 2 16 24 9 17 

Untreated check 33 24 18 12 10 + 
DDT dust, 5% at 18 

be acre 13 10 8 8 3 
Sabadilla dust, 10% 

at 25 Ib. per acre 16 14 8 9 3 
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in order to determine the time and rate of applica- 
tion of an insecticide that can be used as a control 
measure for nymphs. Furthermore, when a forage 
crop is senabed. with DDT consideration must be 
given to the possible hazard of DDT remaining on or 
in the forage at the time of feeding.—1-2-47. 
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Trap Strips to Control Insects Affect- 
ing Alfalfa Seed Production’ 


J. M. Scuouu ann J. T. Mepier? 


That the destruction or removal of insect food 
may cause subsequent migration of insects to adja- 
cent food plants is well known to entomologists. The 
use of a trap crop that attracts large numbers of 
insects to small areas where more efficient and more 
economical control measures may be applied has 
been successful in controlling certain insects such as 
the cotton boll weevil, the pickle worm and the 
harlequin cabbage bug. 

A trap strip which represents a combination of the 
above principles has been tried in Wisconsin for the 
contro] of injurious insects that are a factor in alfalfa 
seed production. The preliminary results are being 
reported at this time. 

In 1945 a trap strip 15 feet wide was cut length- 
wise through the center of a small field (74 by 272 
feet) on June 15. It was observed that insects left the 
stubble which contained only a limited amount of 
food and concentrated in the uncut areas adjacent 
to the strip. On June 25 the remainder of the field 
was cut. At this time the succulent second growth 
during the 10-day period in the trap strip was very 
attractive to alfalfa-feeding insects and migration 
into it soon took place. Ten days later the trap was 
dusted with 10 per cent DDT at the rate of 25 

unds per acre. Table 1 gives a summary of the 
insect counts. The counts show that the numbers of 
three injurious species of insects were reduced in the 
trap strip by action of the DDT, and in the remain- 
der of the field by migration into the trap. 

In another trial in an adjacent field of approxi- 
mately the same size a trap strip was left uncut 
when the remainder of the field was cut on July 6. 
This trap was also dusted with 10 per cent DDT. 
The insect counts are given in table 2. These data 
likewise show a reduction in the numbers of insects 
in the field, through insect migration and action of 
DDT. 

The work in 1945 indicated that in small areas an 
insect migration of considerable magnitude took 
place. This suggested that perhaps injurious alfalfa 
insects could be controlled by insecticides without 


1 This work was supported in part by a grant from the Wis- 
consin Alumni Research Foundation. The authors wish to ac- 
knowledge the help of L. F. Graber who first suggested the use 
of the trap strip in alfalfa. 

2 Research assistant and assistant professor respectively in the 
Departments of Economic Entomology and Agronomy, Univer- 
sity of Wisconsin. 
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Table 1.—Number of nymphs and adults of 
three species of insects in an alfalfa field with an 
early-cut trap strip at University Hill Farm, 
Madison, Wis. in 1945. 
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Table 2.—Number of nymphs and adults of 
three species of insects in an alfalfa field with a 
delayed-cut trap strip at University Hill Farm, 
Madison, Wis. in 1945. 











Nomser or Insects IN 12 
Sweeps or A 15” Insect Net 





Date Adelpho- Lygus Empo- 
TREATMENT Sam- coris ane- asca 
PLED- lineolatus atus Sfabae 





Trap Strip— 


Cut June 15 July 3 7 51 42 
Remainder of Field— 

Cut June 25 July 3 0 + 4 
Trap Strip—24 hours 

after dusting with 

10% DDT July 7 0 0 1 
Remainder of Field— 

No treatment July 7 0 8 30 





treating the entire field. This can be an important 
consideration when a forage crop is treated with 
DDT or similar insecticides that may leave a hazar- 
dous residue on the forage. 

Experiments were conducted in 1946 in four 
alfalfa fields in east-central and south-central Wis- 
consin on the control of insects by dusting early-cut 
trap strips. 

Field 1 was a 7-acre alfalfa field in Calumet 
County. On June 20 a strip 24 feet wide and 700 feet 
long was cut through the field 150 feet from the 
east side. The remainder was cut July 5. The trap 
strip was dusted on July 8 with 5 per cent DDT 
at the rate of approximately 70 Ibs. per acre. 

Field 2, in Manitowoc County, consisted of 4 
acres. The trap strip 28 feet wide and 600 feet long 
was cut about 100 ft. from one side on June 15. The 
remainder of the field was cut on July 2. A 5 per cent 


Number or Insects IN 12 
Sweeps or a 15” Insect Net 


Date Adelpho- Lygus Empo- 








Sam- coris obline- asca 
TREATMENT PLED- lineolatus atus Sabae 
Trap strip—Not cut July 10 1 108 147 
Remainder of Field— 
Cut July 6 July 10 2 3 9 
"the Strip—48 hours 
ter dusting with 
July 14 0 2 4 
Reece of Field— 
No treatment July 14 1 5 29 





DDT dust was applied at the rate of approximately 
50 Ibs. per acre to the trap on July 6. 

Field 3, in Sheboygan County, was approximately 
3 acres in size, but adjacent to a large field of alfalfa 
that was kept for forage. The trap strip was 54 feet 
wide and 175 feet long, and was cut on June 15. A 
5 per cent DDT dust was applied at the rate of 
approximately 50 lbs. per acre on July 5. The re- 
mainder of the field was cut on July 8. 

Field 4 in Jefferson County was a rectangular 
field with an area of 9 acres. The trap strip 40 feet 
wide and 400 feet long was cut about 150 feet from 
one end on June 7. The part of the field adjacent to 
the trap was cut on June 15, but most of it was left 
uncut until after the trap was dusted with 5 per cent 
DDT at the rate of 40 Ibs. per acre on June 20. 

Dusts were applied sar eal self-propelled duster, 
except for the trap in field 4 which was dusted with 
hand dusters. The number of injurious insects in the 


Table 3.—Number of nymphs and adults of four species of injurious insects in alfalfa fields with 


trap strips in Wisconsin in 1946. 








AVERAGE NuMBER OF INSECTS PER SWEEP 








Field Lygus Adel phocoris Empoasca Philaenus 
No. Date SAMPLED oblineatus spp. fabae leucophthalmus 
1 June 15—Trap before cutting 0.05 7.717 0.09 0.75 
July 8—Trap before dusting 0.24 0.47 .; 0.77 9.86 
July 9—Trap after dusting 0.03 0 0 1.37 
2 June 14—Trap before cutting 0.04 12.68? 0.19 0.04 
July 6—Trap before cutting 1.12 1.00 1.60 63.77 
July 8—Trap after dusting 0.27 0.12 0.07 7.35 
July 24—Trap 1.52 0.22 2.77 7.75 
July 24—Untreated 0.95 0.40 0.85 17.22 
3 June 13—Trap before cutting 0.01 0.79 0.02 0.73 
July 5—Trap before dusting 0.28 1.16 22.83 0.12 
July 25—Trap after dusting 1.02 0.20 1.95 $1.55 
July 25—Untreated 0.26 0.28 1.96 11.73 
4 June 6—Trap before cutting 0.14 2.06 0.01 0.05 
June 19—Trap before dusting 0.07 0.51 0 0.06 
June 25—Trap after dusting 0.09 1.11 0.06 4.45 
July %2—Trap 3 rs 0.50 2.12 2.37 
July 22—Untreated 3.9 0.96 0.73 3.95 
August 14—Trap 1. 7 0.55 0.07 0.57 
August 14—Untreated 3.71 1.33 0.37 1.08 





' 7.6 insects of this sample were nymphs. 
2 12.6 insects of this sample were nymphs. 
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plots was usually estimated by 100 sweeps with a 
12-inch insect net. Counts of injurious insects were 
made before the trap was cut, on the trap was 
dusted, and after the trap was dusted. Table 3 sum- 
marizes these data for Lygus oblineatus (Say), Adel- 
phocoris lineolatus (Goeze), and Adelphocoris rapidus 
(Say) combined, Empoasca fabae (Harris), and 
Philaenus mus (L.) and its varieties 
combined. 

These data show that there was a reduction of 
total insects in the trap in fields 1 and 2 after dusting 
but an increase in fields 3 and 4. This descrepancy 
may perhaps be explained by the fact that the insec- 
ticide was applied to the trap in field 3 before the 
remainder of the field was cut. In field 4 more than 
half of the field also was uncut when the dust was 
applied. Much of the difference in fields 3 and 4 is 
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Fia. 1.—Seed yields in the trap strip and at inter- 

vals from the trap strip in two fields of alfalfa in 

1946. (Field 4 is the narrow area above the line 
over the larger area labeled Field 1. 


caused by the relatively large number of spittle 
bugs that moved into the traps after dusting. These 
showed no apparent effect from the insecticide at 
the time the sample was taken. In field 4 the counts 
subsequent to dusting gave fewer total insects in the 
trap than in the remainder of the field at approxi- 
mately 1- and 2-month intervals. 

In the trap strip experiments it was realized that 
a suitable check plot could not be kept until the size 
of the zone of attraction by the trap was determined. 
Theoretically a ratio me exist between the yield 
of seed and the distance from the trap—the area 
closest to the trap showing the highest yield. Data 
were taken in fields 1 and 4 in order to test this 
relationship. 

A sample was taken for seed yield in the center of 
the trap strip and at regular intervals in the un- 
treated portion on each side of the trap. The samples 
were taken from strips 100 feet long and $4 inches 
wide which were cut parallel to the trap. Figure 1 
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gives the distribution of seed yields in the two fields. 
It was demonstrated that under the conditions of 
this experiment no significant difference in yield 
occurred in the strips in the untreated part of the 
field. The low seed yield in field 4 can be explained 
in part by the drought in the area where this field 
was located. 

The seed yields of the trap strips and an average 
yield of the remainder of the fields are given in 
Table 4. The trap strip produced a much higher 
yield of seed than the untreated portion in all 
fields. This perhaps can be explained by the residual 
effect of the insecticide, or the longer time available 
for plants within the trap to bloom and mature 
seed. There also is a possibility that pollinating 
insects were concentrated on the trap hefore the 
rest of the field came into bloom. Some areas of 
Wisconsin experienced drouth conditions in the 
latter part of the summer of 1946 and the early 
cutting of the trap may have enabled it to escape 
severe drouth injury. Moisture conditions also may 
have been a factor in the variation that took place 
in seed yields between the different localities. 


Table 4.—Comparison of seed yield in trap 
strips and untreated parts of four alfalfa fields in 
Wisconsin in 1946. 








AVERAGE YIELD IN Pounps 
OF SEED PER ACRE 








Trap Untreated Part 
Fretp No. Strip of Field 
1 320 132 
2 78 38 
3 12 5 
+ 86 29 





The preliminary experiments reported above have 
shown that a strip of new-growth alfalfa in a field 
at the time of cutting attracts injurious insects. The 
reduction in numbers of injurious insects in an 
alfalfa field by dusting the trap with DDT may be a 
factor in increased seed production, but the effective 
area of attraction by the trap has not yet been de- 
termined. Further investigations are planned in 
order to establish the proper balance of area between 
the trap and untreated part of alfalfa fields —1-2-47. 





Infestation of a Raccoon by 
Amblyomma americanum 


Rotanp W. Portman, Columbia, Missouri 


While examining a raccoon pelt a reddish spot was 
noticed on the superfacial fascia near the right ear. 
This animal was trapped by Mr. Walker Powell of 
Reeds Spring, Missouri in early December, 1946. 
By carefully removing a thin layer of the fibrous 
connective tissue, the red spot was found to be a 
female long star tick, Amblyomma americanum. 

This is the second infestation of this type recorded 
from Missouri by this tick. The first record was of a 
red fox in January, 1945 which had over 150 em- 
bedded ticks. 


LITERATURE CITED 
Portman, Roland W. and Paul D. Dalke. 1945. 


Infestation of a Red Fox by Amblyomma 
americanum. Jour. Econ. Eor. 38(5): 397. 
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Hog Mange Control Tests’ 


EpurtamM Hrxson AND Martin H. Mvuma,? 
University of Nebraska, Lincoln 


The desperate need for a satisfactory and accepta- 
ble control for hog mange Sarcoptes scabiei suis 
Megn. prompted the tests reported in this paper. 
The controls now generally recommended are lime 
sulfur and various preparations of coal-tar creosote 
or petroleum oil. These materials have not been 
satisfactory to the grower because of difficulty in 
handling, the necessity of making several applica- 
tions at short intervals, and the chance of injury to 
the animals. Caler (1931) found that a special 20 per 
cent oil emulsion gave no control of hog mange. 
Gapuz (1940) reported complete control of horse 
scabies with a 2.5 per cent infusion of fresh derris 





Fic. 1—Spraying hogs for mange showing tend- 
ency to crowd and pile up. 


root applied twice at 24-hour intervals. The rotenone 
content was not stated. Gordon & Unsworth (1942) 
reported low mortality to Notoederes sp. and Sar- 
coptes scabiei hominis with 5 per cent benzyl ben- 
zoate. Slepyan (1944) reported complete clean-up 
of S. scabies hominis with a 25 per cent benzyl ben- 
zoate emulsion. Slade (1945) reported that benzene 
hexachloride was lethal to poultry red mite. These 
reports offered no more than a hope in solving the 
hog mange problem. 

The tests reported in this paper were on a herd 
basis without regard to size or age of the animals. All 
of the materials used were liquid sprays applied at 
200 to 225 pounds pressure with an orchard gun 
equipped with a 5 mm. disc opening. About $ quarts 
of spray were used per animal. The hogs were 
sprayed in small pens or sheds so as to get close 
enough to wet them completely. Particular effort 
was made to spray into their ears. Their tendency to 
pile up gave complete wetting of the underside. The 


1 Published with sugeunst of the Director as Paper No. 410 
Journal Series, Nebraska Agricultura] Experiment Station. 

2 Dr. A. G. Beagle, Bureau of Anima] Industry of the United 
States Department of Agriculture, made the scrapings and 
analyses on all herds sprayed. The fina] results contained in this 
report are based on his work and the authors are most grateful 
to him for this contribution. 

3 Supplied by Pennsylvania Salt Manufacturing Company. 

4 Supplied by Merck & Company, Inc. 

5 Supplied by Rohm & Haas. 

6 Supplied by E. I. DuPont de Nemours Company. 

7 Supplied by W. T. Spencer, National Live Stock Loss Pre- 
vention Board, 
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toxicants were benzene hexachloride wettable 
powder,’ benzyl benzoate 98 to 100 per cent‘ emulsi- 
fied with Triton X-100,5 DDT emulsion (Deenol),* 
and a patented brand rotenone extract emulsion’ 
containing approximately 5 per cent rotenone used 
according to the directions on the container. To 
determine the presence of mange mites, scrapings 
were made before the infested animals were sprayed. 
After being sprayed, herds were examined and scrap- 
ings were made at approximately 2-week intervals. 
Table 1 shows the results of the tests in 12 herds. 


Table 1.—The results of spraying mange-in- 
fested hogs with certain chemicals. 








Per 
Cent Nvum- Novum- 
Toxi- BER BER 


CANT BY oF or 


Wercut!' Herps Hoes Resv.ts! 


CHEMICAL 





Benzene hexachloride! 0.082 1 17 Nocontrol 
Benzene hexachloride 0.25 3 195 Nomites 
Benzene hexachloride 0.50 2 113 No mites 
Benzy! benzoate 0.50 2 72 Mites present 
DDT emulsion 0.50 2 157 Mites present 
Rotenone extract ? 2 193 Mites present 





1 Percentage toxicant of benzene hexachloride indicates 
gamma isomer. 


Higher concentrations of the various materials 
were not tested since the benzene hexachloride was 
tested first and was giving complete clean-up at 0.25 
and 0.50 per cent with one application. Into one 
herd, sprayed September 27 and found free of mange 
on October 17, six unsprayed infested animals were 
introduced October 25. On December’3 there were 
initial lesions of mange in the herd. 

Results of these preliminary tests indicate that 
benzene hexachloride is a most promising control 
material for hog mange. Even with its musty, per- 
sistent odor and its irritation to the operator, it has 
superior points. The one application clean-up is 
most important. The low toxicity to the animals and 
the very good possibility of lice control make the 
chemical worthy of extensive testing. The low per- 
centage of the toxicant necessary for control indi- 
cates an economical spray.—2-10-47. 


LITERATURE CITED 


Caler, Horace L. 1931. Volck special emulsion as 
a control for external parasites. Kansas 
Ent. Soc. 4: 85. 

Gapuz, R. B. 1940. Derris root infusions for 
psoroptic scabies in horses and carabaos. 
Philippine J. Animal Ind. 7: 409-18. 

Gordon, R. M., and K. Unsworth. 1942. The 
lethal action of benzyl benzoate, dimethyl- 
thiantheiene (Mitigal) and _ tetraethyl- 
thiuram monosulphide ( Tetamos) on sca- 
bies producing mites Notoederes sp. and 
Sarcoptes scabiei hominis when tested in 
vitro. Annals of Tropical Med. and Para. 
36: 195-9. 

Slade, R. E. 1945. The gamma isomer of hexa- 
chlorocylohexane. Chem. and Ind. 40: 
314-9. 

Slepyan, Albert H. 1944. A rapid treatment for 
scabies. Jour. Am. Med. Assn. 124: 1127. 








452 JOURNAL OF Economic ENTOMOLOGY 


Effect of DDT on Populations of 
Codling Moths 


Leroy Cutips, Hood River Branch, 
Oregon Experiment Station 


Effect of DDT on adult codling moth reduction 
was studied at the Hood River Branch, Oregon Ex- 
periment Station, in 1946. Moth performance was 
observed in two 8-acre blocks of orchard; one 
sprayed with DDT the other with lead arsenate. The 
areas were located approximately 200 yards apart. 
The DDT area received, for the most part, 1 pound 
actual DDT to 100 gallons of water in the first cover. 
In the second cover, half of the area received 1 lb. 
—100 DDT and the balance, with minor exceptions, 
8 oz. to 100 gallons. Six cover sprays of 3 lbs. to 100 
gallons were applied in the lead arsenate area. A 
calyx spray of 3 to 100 was used in both blocks. In this 
test the DDT was applied with maximum care. All 
portions of the trees were covered including lower 
leaf surfaces, so that there would be present no un- 
sprayed surface upon which the moths could rest. 
Nonfruiting trees were likewise sprayed. 

Ten traps, baited with Di-malt (1 pt. to 16 pts. of 
water plus a small amount of yeast), were set up in 
each area. The traps where the DDT was employed 
were established at the beginning of moth flight. 
The traps in the lead arsenate sprayed area were 
established at the time of the first DDT application, 
or on May 28. Traps have been maintained in the 
station orchard for the past 15 years. The moth take 
from 10 traps has ranged from 8 to 5 thousand moths 
annually. The moth take in the lead arsenate area 
for 1946 was quite typical of previous performance. 

Moth records were taken at 2-day intervals. Ef- 
fects of the DDT on the moth population were highly 
significant. The first spray was applied at the peak 
of the seasonal moth population in the orchard; 
36.5 per cent of the yearly moth emergence had oc- 
curred. At the time of spraying and for several days 
thereafter, evening temperatures were low, resulting 
in limited moth take in all traps. The first period of 
favorable weather for moth flight following spraying 
occurred 4 days later. Seventeen moths were taken in 
the DDT block and 295 in the lead arsenate area; a 
reduction of 94.3 per cent. During the following 2- 
day period, the ratio was 2 and 110 moths or a re- 
duction of 98.2 per cent. This type of reduction pre- 
vailed throughout the season. The total moth catch 
for the balance of the year following the DDT spray, 
applied on May 28 and repeated July 23 was 183 
moths; during the same period 2831 moths were 
taken in the lead arsenate area. The reduction was 
93.6 per cent. If full value is given moths present 
in the orchard at time of spraying, the percentage 

reduction for the season amounted to 95.9 per cent. 
Where DDT was used, there occurred 46 days dur- 
ing the period of moth activity when no moths were 
caught; in the regularly sprayed block there were 14 
such days. No dead moths were found on the ground 
in the orchard following spraying or at other times 
of examination. Numerous species of other insects 
were found dead under the trees, these were particu- 
larly noticeable the day after spraying. On several 
occasions, evening aa flight was noted to be ex- 
tensive in the lead arsenate area, while at the same 
time it was slight or absent in the DDT-sprayed 
section of the orchard. In the DDT-sprayed area 
where 1 pound of DDT was used in 2 applications, 
fruit condition at harvest time was as follows; 
wormy, 0.52 per cent; stung 4.4 per cent; fruit free 
from worm damage 95.2 per cent. The following 
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condition was found in the lead arsenate sprayed 
area; wormy 4.5 per cent; stung 51.3 per cent; apples 
free from worm damage, 46.9 per cent. 

It is believed that mass reduction of moths—an 
accomplishment unobtainable through the use of 
former insecticides employed—contributed to the 
highly satisfactory results obtained. Evidence 
gathered over a period of 3 years indicates that small 
plot tests, although resulting in a high degree of 
worm control, do not express the full value of DDT 
such as follows complete orchard spraying or that 
which would follow grower practice. Cumulative ef- 
fects of DDT use and its bearing on future moth 
populations and, in turn, changing control measures 
are to be observed in this orchard.—2-7-47. 





Eumerus strigatus' Reared from 
Decayed Potatoes 


James L. Bean, New Haven, Conn. 


During October 1945, a hundred or more rotten 
and diseased potatoes and seed potatoes from a 
farm in Mars Hill, Maine were found to be heavily 
infested by dipterous larvae. 

The samples examined were picked at random 
from a 12-acre field and constituted only a small 
percentage of the total rotten and diseased tubers. 
As many as seven infested tubers were found in a 
3-foot section of a row, and as high as three different 
types of disease or rots might also be present in this 
3-foot section. 

Several apparently healthy tubers were found 
with an irregular hole through the epidermis. Lar- 
vae, similar to those mentioned above, were ob- 
served feeding on the inner tissue. The surface of the 
cavity, which the larvae had cut in the tuber, was 
pitted and very uneven, and the tissue beneath was 
discolored to a depth of only a few cells. The tissue 
beneath the discolored cells appeared unaffected 
by decay. 

Twenty of the decayed and infested tubers were 
placed in 2-quart mason jars and held for emergence. 
No emergence occurred that fall and on November 
3 the jars were placed outdoors for the winter. They 
were brought inside March 6 and emergence of both 
sexes began March 29 and continued until the last 
of June. 

A careful check of the larval and adult characters 
with published descriptions (Cole 1920; Collins 
1920; Heiss 1938; Hodson 1927; Wilcox 1926) dis- 
closed this insect to be Eumerus strigatus Fallen,? an 
introduced syrphid that is of economic importance 
in the onion and narcissus growing regions. In Maine 
this species has been previously reported only from 
Bar Harbor by Johnson (1925). 

A single male specimen of the common syrphid 
parasite Diplazon pectoratorius (Grau.)* was re- 
covered from a pupa during rearing. 

The seasonal history of Eumerus strigatus may 
be briefly summarized from Wilcox’s paper (1926) : 
This species passes the winter as fully grown larvae 
mostly in the host media but in some cases in the 
soil. During early spring the larvae leave the host 
and migrate into the upper two inches of soil surface 
and pupate. The flies emerges from one to two weeks 
later and are active during April and May. Mating 

1 Syrphidae. 

2 Determination checked by C. E. Parsons, Conn. Agri. Exp. 
Sta., New Haven, Conn. 

3 Determination by P. B. Dowden, U.S.D.A., Bur. Ent. & PI. 
Quar., New Haven, Conn. 
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and egg laying takes place at this time. The second 
generation of flies emerge during June, July and 
August. These flies lay the eggs that develop into 
the last stage over-wintering larvae. In some cases, 
however, the larvae pupate and emerge as flies in 
September and thus produce a partial third genera- 
tion. Wilcox’s work was mat out in Oregon and, 
therefore, there would be a difference in dates under 
northern Maine conditions. 

The purpose of this paper is to record the presence 
of Eumerus strigatus larvae in rotten and diseased 
potatoes and to point out the possible relation of 
this insect to some of the potato diseases. 

Due to the complexities of the various potato 
rots it was impossible to determine the exact cause 
of the rot in each potato. Several of the tubers 
showed the characteristic rots caused by the fungi 
Fusaria,! such as the Fusarium tuber rot (wet type), 
the Fusarium stem-end rot, the jelly end rot, the 
Fusarium tuber rot such as that produced by 
Fusarium trichothecioides Wr. and the Fusarium 
wilt. In some cases the potatoes were infected with 
“black-leg,” while others were so far disintegrated 
into a slimy rotten jelly-like mass that it was im- 
possible to distinguish the causative agent. The 
majority of the infected potatoes, however, showed 
symptoms of the Fusarium tuber rot (wet type). 
Chupp (1925) stated that the Fusaria are by far 
the most numerous of any fungi infecting potato 
tubers and are able to live over winter in the soil or 
on the tuber. He also stated that very few are able 
to enter the host unless the epidermis has been in- 
jured in some way. 

No reference of this species having been recovered 
previously from potatoes in the United States is 
known, although it is common in areas where 
onions, narcissus, iris, and other bulbs are produced. 
Correspondence with Florida and Maine Agriculture 
Experiment Stations revealed no records of this 
syrphid from potatoes. Several European records of 
Eumerus strigatus occurring in potatoes have been 
published. Zacher (1919) considered this species a 
primary pest of rotten potatoes. Haupfleisch (1934) 
stated that an infestation of E. strigatus involving 
a 5 per cent crop loss occurred in Schleswig-Hol- 
stein, where up to 40 larvae were found in a tuber. 
As there were no onion fields in the neighborhood 
and the potatoes were planted where rye had fol- 
lowed a green manure crop, he suspected the syrphid 
had probably been introduced with the seed pota- 
toes, 

Ensign’s paper (1926) on the relation of the seed 
corn maggot, Hylemya cilicrura Rond., to the 
“black-leg” disease in potatoes, suggested to the 
author the possibility that some similar relation 
might exist between Eumerus strigatus and some 
of the various potato rots. As early as 1920, accord- 
ing to Collins (1920), opinions were divided ‘as to 
whether the larvae of EL. strigatus were primarily 
responsible for the destruction of the onion and 
narcissus bulbs, or whether they only attacked those 
bulbs which had begun to decay from other causes. 
Creager & Spruijt (1935) in a series of experiments 
on the relation of certain fungi to the larval develop- 
ment of E. tuberculatus Rond., another lesser bulb 
fly both closely related to and associated with E. 
strigatus, demonstrated that the larvae required the 
presence of certain living fungi together with the 
bulb media in order to complete their normal de- 


1 The determination of the potato rots was based upon a series 
of colored plates and descriptions published by the U.S.D.A. 
(Mise. Pub. 98). 
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velopment. When the larvae were isolated on sterile 
media all died before reaching the pupal stage. 
While in the presence of the basal rot fusarium all 
the larvae grew rapidly to maturity. When living 
yeasts were used in the diet in place of fusarium, the 
larvae developed more rapidly and became slightly 
larger, and when Rhizopus nigricans Ehremb. or 
Mucor hiemalis Whmer. was substituted, the larvae 
also developed to maturity. Previously Martin 
(1934) found that when the larvae were caged upon 
healthy, bruised tissue the tissue cut from the bulb 
discolored and decayed several days after the lar- 
vae had been confined, and the larvae were able 
to develop to maturity only when the decay had 
started. The bulbs used in this experiment had been 
soaked ten days to make the tissue softer than 
normal for dormant bulbs. The finding of potato 
tubers in Maine showing no apparent signs of 
decay under field examination yet seriously infested 
with E. strigatus bears out Broadbent’s (1925) 
findings that this insect is capable of attacking and 
injuring healthy tubers. Furthermore Hodson (1927) 
noted that the larvae of Eumerus tuberculatus were 
able to gain entrance into healthy bulbs and destroy 
them. He found 19 out of 72 healthy bulbs destroyed 
by this insect. 

The egg deposition of the adult females often 
prevents the hatched larvae from selecting favorable 
media for development. Broadbent (1925) stated 
that the females of Eumerus strigatus were somewhat 
promiscuous in their egg deposition and made no 
distinction as to the location or condition of the 
host, and would lay their eggs on or near healthy 
bulbs. Martin (1934) further observed females laying 
eggs in clods of soil several feet from the nearest 
bulb. According to Wilcox (1926) the female de- 
posited the majority of her eggs about one-quarter 
inch beneath the soil. Some eggs were deposited 
directly on the surface of the soil, while others were 
found three inches below the surface. The fact that 
the eggs are deposited some distance from healthy 
as well as decayed bulbs shows that the young 
larvae are capable of migrating through the soil and 
that they do not necessarily require the presence of 
certain living fungi during their early stages al- 
though, as demonstrated by Creager & Spruijt 
(1985), these fungi are necessary for final develop- 
ment. 

In conclusion a summary of the above findings 
brings out the fact there is present in some potato 
fields an insect that is capable of attacking and 
destroying the potato tuber, and also that it has the 
potential ability of aiding the ubiquitous ground 
inhabiting fungi to gain entrance into otherwise 
healthy tubers and thereby aid materially in the 
economical loss to the grower. Only by a careful 
study of this insect and its relation to the known 
potato rots can its real economic importance be 
established. 

The present practice of leaving all potatoes show- 
ing signs of rot or decay in the field during harvesting 
and the indiscriminate dumping of rotten potatoes 
taken from storage offers an ideal opportunity for 
this fly to breed in great numbers. 
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The Relative Toxicity of DDT and 
Calcium Arsenate to Cotton Leafworm 


J. C. Gatnes anv H. A. Dean, 
Texas A & M College, College Station 


DDT has proven to be highly toxic to some cotton 
insect pests, and the increased use of the insec- 
ticide on this crop has made it desirable to compare 
its toxicity to the more commonly used calcium 
arsenate against the cotton leafworm, Alabama 
argillacia (Hbn.). The laboratory tests herein re- 
ported were conducted at College Station, Texas, 
during September and October, 1946. 

For comparison of a 5 per cent DDT-pyrophyllite 
mixture and calcium arsenate, known doses of each 
were fed to individual third instar worms that had 
been collected from the field. Over 100 worms were 
fed doses of each insecticide and the percentage kill 
recorded at the end of a 48-hour period. Dosages in 
mg. per gm. of body weight were changed to 
logarithms and plotted against probits, a trans- 
formation suitable to percentages of mortality. The 
calculated lines of best fit are shown in figure 1. 

Tke median lethal dose for calcium arsenate was 
.255 mg. per gm. body weight as compared to 1.357 
for the 5 per cent DDT-pyrophyllite mixture. 


1 Technical contribution No. 1005, Texas Agricultura] Experi- 
ment Station in cooperation roe the Bureau of Entomology 
and Plant Quarantine, U.S. 
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Fic. 1—Dosage-mortality curves for calcium arsen- 
ate and DDT dust to the cotton leafworm. 


New Organic Insecticides to Control 
Hog Lice 


Harvey L. Sweetman, Massachusetts 
State College, Amherst 


An infestation of the hog louse, Haematopinus 
adventicius Newm., had persisted on the college herd 
for many years. During this period the herdsman 
had treated the hogs with sprays of various com- 
mercial preparations, most of which temporarily 
reduced but did not eradicate the infestation. 

Tests were begun in 1946 with insecticides which 
might not only control but eradicate the lice. Three 
insecticides were used during the season, DDT, 
DDD and Chlordane. The sprays were prepared 
from 25 per cent emulsion concentrates of DDT and 
DDD and a 20 per cent concentrate of Chlordane. 
An emulsifying agent was used with the latter. All 
spray applications contained 0.2 per cent concentra- 
tion of the active insecticides. In the early trials, 
the pigs were held in pens and sprayed, but later 
were sprayed in the lots when being fed. An attempt 
was made to wet the backs and sides of the animals 
from arovnd the ears to the tail. This was sometimes 
difficult because of nervousness of the hogs; however 
a fairly uniform coverage of the animals was ob- 
tained. The swine ranged from 6 weeks old to ma- 
ture animals. No irritation or harmful effects from 
the insecticides were observed. 

A, single pig weighing about 100 pounds was 
treated with DDD in the first trial. This pig was 
kept in isolation for about 3 weeks. One month after 
having been returned to an infested herd, it was still 


Table 1.—Results from preliminary trials 
against hog lice on August 5 with 0.2 per cent con- 
centrations of three insecticides. 














Aver- ReEsvu.ts 
Noum- AGE 
BER OF WEIGHT, Lice After 
Pics Pounps InsecticipEs Dropped 3 Weeks 
2 125 DDD 30 min. None 
2 125 DDT 80 min. None 
2 125 Chlordane 150 min. None 
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free of lice. During this period the herd had access to 
a concrete wallow and had wallowed in mud resulting 
from rain. 

Six pigs were treated in the next tests (Table 1). 
The chlordane acted most rapidly and the lice be- 
gan to drop in a few minutes. The pigs in all treat- 
ments appeared to be free of lice after about 2 hours 
and remained so during a period of isolation of 3 
weeks. 

Six brood sows were treated in late August, 7 to 


Table 2.—Results from treatment of brood 
sows for hog lice on August 23 with 0.2 per cent 
concentrations of three insecticides 7 to 10 days 
prior to farrowing. 








Nvum- 
BER AVERAGE 
OF WEIGHT, 





Sows Pounps _ INsEcTICIDES ConTROL 
2 450 DDD Complete 
2 450 DDT Complete 
2 450 Chlordane Complete 





10 days prior to farrowing (Table 2). These sows had 
been wallowing in mud and hoes were used to scrape 
off a considerable quantity of dry soil from their 
backs and sides before treatment. Lice were observed 
on four of the sows in spite of the adhering soil and 
presumably all of them were infested as they had 
been together for some weeks. These sows were then 
isolated in individual pens preparatory to farrowing. 
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They were treated thoroughly except on the lower 
legs and ventral side. Apparently eradication of the 
lice was complete as no lice have been observed since 
on either the sows or their pigs. 

The entire herd, except the six brood sows and 
their litters which had been kept isolated, was 
treated in November (Table 3). Apparently com- 
plete eradication of the lice was obtained as none 
has been observed by the herdsman during the 3 
months since treatment. This herd as well as the six 
sows and their pigs above will be checked through 
the spring for any evidence of reinfestation. 

The owner of a herd of about 12 hogs treated them 
with 0.2 per cent DDT spray in late October accord- 
ing to our directions. He reported that newly hatched 
lice were observed about 2 weeks after the first 
treatment. A second application a few days later 
apparently eradicated this infestation as none has 
been observed during the $ months since treatment. 


Table 3.—Results from treatment of the col- 
lege herd in November for hog lice with 0.2 per 
cent concentrations of three insecticides. 








Num- 
BER AVERAGE 
or WEIGHT, 





Hocs Pounps INSECTICIDES CoNnTROL 
30 125 DDD Complete 
10 250 DDT Complete 
1] 500 Chlordane Complete 








H. L. Hatter Mape Specrau Assistant TO Cuier oF BuREAU OF ENTOMOLOGY 
AND PLANT QUARANTINE 


Dr. H. L. Haller, a world-famous authority in the 
field of organic chemistry, has been appointed spe- 
cial assistant to Dr. P. N. Annand, Chief of the 
Bureau of Entomology and Plant Quarantine, U. S. 
Department of Agriculture. This appointment be- 
came effective on March 138, 1947. He has served 
since 1937 as assistant leader of the Bureau’s Di- 
vision of Insecticide Investigations. 

Dr. Haller is a graduate of the University of Cin- 
cinnati and of Columbia University. He was em- 
ployed as chief chemist by the Jarecki Chemical 
Company, Cincinnati, Ohio, until 1921. He con- 
ducted research on fundamental organic problems 
for the Rockefeller Institute for Medical Research 
until 1929. He has. been with the U. S. Department 
of Agriculture since that time. 

The determination of the chemical structure of 
rotenone, one of the most important of the organic 
insecticides, is one of Dr. Haller’s outstanding re- 
search contributions to science. This was accom- 


plished in collaboration with Dr. L. B. LaForge and 
Mr. L. E. Smith. The Hillebrant prize of the Wash- 
ington Che: ical Society for 1932 was awarded 
jointly to Dr. Heller and Dr. LaForge for this 
research. 

During World War II, Dr. Haller and his associ- 
ates of the Bureau coordinated and executed a series 
of outstanding and thorough research programs in 
the chemistry of DDT and other insecticides for use 
in the form of sprays, aerosols, and dusts. They 
synthesized new chemical materials and converted 
them to maximum efficiency for military use during 
the war. 

Dr. Haller’s new assignment covers the various 
chemical aspects of the Bureau’s problems involving 
the development, manufacture, and use of chemicai 
insecticides. In addition, he wil] maintain relation- 
ships of the Bureau with manufacturers of chemicals 
which may have insecticidal properties. 





ANNUAL MEETINGS IN CHICAGO 


The Annual Meetings of the American Association 
of Economic Entomologists will be held in Chicago, 
in connection with the meetings of the American 
Association for the Advancement of Science during 
the week following Christmas. The dates are 
December 27 to 30 and the headquarters for the 
Entomologists will be the Congress Hotcl. Re- 
quests for reservations should be sent dircet to the: 
Hotel as soon as possible as space will be limited. 





JOURNAL OF ECONOMIC ENTOMOLOGY 


Official Organ American Association of Economic Entomologists 





Vol. 40 


June, 1947 


No. 3 





Abstracting Entomological Articles and Publications 


EntomMo.ocy has become such a vast 
science and the literature is so tremendous 
that it is difficult for any one individual 
to have at first hand the abstracts which 
are necessary for him to use in his work, 
either for systematic or for economic 
purposes. While the general field of ento- 
mology is perhaps as thoroughly ab- 
stracted as any modern science, yet there 
are certain phases of the subject that are 
not abstracted at all and certain others 
so widely distributed that it is difficult to 
even consult all of the sources. 

Some years ago Biological Abstracts was 
established to abstract and make available 
the information that was essential to the 
biological sciences. Because of lack of 
facilities it was obviously impossible for 
this new journal to meet all of the neces- 
sities of entomologists at once. In view of 
the fact that several publications were 
already in this field it is quite obvious that 
Biological Abstracts was not in position at 
the time to meet all of the competition 
and to supply all of the information that 
was not already being taken care of. How- 
ever, in recent years Biological Abstracts 
has weathered the beginning difficulties of 
the establishment of such a publication, 
and is becoming more able to take care of 
many of the fields that were formerly 
somewhat neglected. A letter which the 
writer recently received from Dr. John 
E. Flynn, Editor-in-Chief of Biological 
Abstracts contains much information 
which seems pertinent to the situation 
which now confronts entomologists for 
better abstracting facilities. I am taking 
the liberty of quoting the following ex- 
cerpts from this letter believing they may 
be of interest to entomologists and that 
the time may come when all of us who are 
members of this profession may be able to 
assist Biological Abstracts in consum- 
mating the aims of its very progressive 
editor-in-chief (Dr. Flynn’s letter fol- 
lows). 


“Increasing coverage of Biological Ab- 
stracts, particularly over European litera- 
ture that has been unavailable for ab- 
stracting for the last several years, has 
been our chief activity, aside from the rou- 
tine work of editing abstracts and _pre- 
paring and editing indexes. 

“During the year 1946, we picked out 
some 1,200 individuals, and entered into 
correspondence with them, requesting 
them either (a) to abstract each one or 
more journals, or (b) to suggest an ab- 
stractor or try to interest someone 
locally in taking on a particular journal 
for abstracting. A little over 700 journal 
assignments were actually worked out 
during the year. Unfortunately for us, 
about 400 of these were replacements of 
abstractors who had resigned or become 
inactive. We did, however, reach a net 
increase of about 300 journals, bringing 
the number of journals abstracted up 
to 2,223. 

“A very substantial proportion of this 
increase was with biologists abroad. We 
have been attempting to re-build the 
world-wide system of collaboration that 
Biological Abstracts was, prior to World 
War II. At the present time, about 525 
periodicals from Continental Europe are 
being abstracted in full, for their biological 
content, and abstracts are being received 
more or less sporadically for occasional 
papers in some two or three hundred 
additional European periodicals. 

“This activity is being continued and 
accelerated. A very substantial proportion 
of the European journals that are being 
currently abstracted in Biological Ab- 
stracts are not available for consultation 
in the United States 

“In another respect, this correspondence 
is very timely. There is a growing realiza- 
tion in this country on the part of librar- 
ians, as well as scientists, that the task of 
rounding up and abstracting and indexing 
the literature on a global scale has not yet 
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been fully solved by any agency or in any 
field. Chemistry is perhaps better off than 
any other in this respect. Biological Ab- 
stracts is abstracting as I said above, some- 
what more than 2,200 out of a probably 
6,000 existing journals. Many fields, such 
as physics and the social sciences, are 
inadequately served by abstracting jour- 
nals, or not at all. 

“At the same time, there is an enormous 
amount of waste and inefficiency due to 
the existence of a large number of weak 
abstracting services. A survey made in 
1939 revealed some 404 such abstracting 
services within the natural and _ social 
sciences. This, of course, includes medicine 
and it includes the abstracting sections 
that are sometimes published in journals 
of original publication, as well as the 
periodicals that are devoted exclusively to 
abstracting and indexing. 

“The recent establishment of Excerpta 
Medica in the Netherlands has served to 
touch off a good deal of discussion as to 
just where we are going. Wherever dis- 
satisfaction exists with respect to the 
abstracting of the literature, the tendency 
appears to be to start a new abstracting 
service and then if the new one does not 
appear to have solved the problem, 
another one comes along. Last Spring 
some French physiologists came to this 
country to try to interest some American 
organizations in aiding them in the es- 
tablishment of a world abstracting system 
for the biological sciences which they 
hoped would be housed in the old League 
of Nations building in Geneva. For- 
tunately, they were persuaded not to 
undertake this, but to throw their support 
to Biological Abstracts in the hope that 
thereby, the energy which might other- 
wise have gone into the establishment of a 
competitor, might be 2dded to what we, 
in this country, are able to do. 

“Some of the Officers and prominent 
members of the American Physiological 
Society are hoping to have the forth- 
coming International Physiological Con- 
gress take a definite stand in favor of 
having at least one abstracting service, 
somewhere in the world, that would be 
absolutely complete for physiology. In so 
far as I have participated in these dis- 
cussions, they do not necessarily oppose 
having multiple abstracting services; they 
are merely demanding that one, at least, 
shall be built up to a state of complete- 
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ness. If various groups want a more pene- 
trating and selective covering of a limited 
field, they should, of course, be in position 
to provide it. 

“In some quarters there is a feeling that 
Biological Abstracts represents t e nu- 
cleus of such a world-wide system for 
biology but that it may have outgrown its 
purely American phase of development. 

“The Union of American Biological 
Societies, at the Christmas meetings in 
Boston, passed a resolution which was 
directed to UNESCO, suggesting that 
UNESCO study this probem with the 
view to bringing the several abstracting 
services in the biological fields into 
amalgamation or, at least, close coopera- 
tion, and something was said, if I recall 
correctly, about the desirability of hav- 
ing every biologist throughout the en- 
tire world to see to it that each of his 
own papers is abstracted in the central 
service. 

“Some of the trustees of Biological 
Abstracts have been discussing this ques- 
tion with regard to further development of 
Biological Abstracts and they are very 
receptive to the idea that UNESCO 
should be consulted at an early date. I 
think there would be, among the trustees, 
a fairly general agreement as to the de- 
sirability of some form of international 
control, but the discussions to date have 
not gone much beyond that point. 

“The relationship between a_ broad, 
comprehensive service, such as Biological 
Abstracts was designed to provide, and the 
more specialized services, such as 
Zoological Record, Horticultural Abstracts, 
and the like, is a problem that deserves 
very serious thought. ihese highly spe- 
cialized services, particularly the British 
ones, became in general highly efficient in 
serving limited fields. In our enthusiasm 
for a bigger and more comprehensive 
service, covering the entire literature and 
bringing all of its contributions annually 
into a single index, we should not lose 
sight of the special needs of the various 
research fields. 

*“*At several of the recent annual meet- 
ings of the Board of Trustees I have dis- 
cussed plans for pooling abstracts. Such 
plans were in operation between the 
British services and ourselves during the 
war; American abstractors who were 
covering publication unavailable in Brit- 
ain were asked to prepare carbon copies 
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of all of their abstracts and these were 
supplied to British abstracting journals 
that desired them. We have a similar 
working arrangement with the Experi- 
ment Station Record. A year ago I pro- 
posed that each abstracting service equip 
itself with a photo-copying machine and 
that, by correspondence and frequent 
conferences of abstracting journal editors, 
arrangements might be made to have each 
editor responsible for the procurement of 
abstracts of a definite part of the litera- 
ture, supplying photo-copies of these to 
all the other abstracting services inter- 
ested in them. Nothing came of this sug- 
gestion but I still believe in it. 

“I would be very glad to discuss these 
and other topics with prominent ento- 
mologists. 

“We could explore the possibilities of 
establishment of a new section of Bio.ogi- 
cal Abstracts, to serve entomology. It 
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would be helpful also if more of the ento- 
mologists actually knew our, problems 
from the inside. 

“If we had adequate funds there are 
many important things that we could 
undertake almost immediately. German 
research literature is reaching this country 
in enormous tonnage—much of it being 
microfilm copies of termendously impor- 
tant research papers that were withheld 
from publication in Germany for military 
reasons. Japanese literature is also be- 
ginning to reach this country. I heard in 
Washington last week of their having re- 
ceived a shipment of some 1300 items— 
mostly in the Japanese language. We 
could hire Japanese translators and sta- 
tion them in the Library of Congress, to 
abstract this literature, if our budget 


permitted.” 
E. O. Essie 





Nortu CENTRAL StTaTES BRANCH 
AMERICAN ASSOCIATION OF Economic ENTOMOLOGISTS 
Proceedings of the Second Annual Meeting 
Hotel Ft. Des Moines, Des Moines, Iowa, March 27-28, 1947 


The entomologists of the North Central States 
held their usual type of informal meeting in Des 
Moines, Iowa, March 27 and 28. General discussion 
sections were carried on under the following topics: 

Insecticides 

European Corn Borer 

Insects Affecting Man and Domestic Animals 

Fruit and Vegetable Insects 

Extension Entomology 

Beekeeping 

Insects of Greenhouses, Ornamentals, and Shade 

Trees—Equipment 

Field Crop Insects 

Four guest speakers contributed to the success of 
the meetings: Dr. E. N. Cory, President of the, 
American Association of Economic Entomologists, 
brought greetings from the parent society and out- 
lined the committee functions of the American As- 
sociation. Dr. B. P. Uvarov, Director of the Anti- 
Locust Research, Research Centre, London, Eng- 
land, gave an interesting banquet address on the 
problems of locust eradication. Dr. G. Fraenkel, 
Imperial College of Science and Technology, London, 
England, gave an address during the opening session 
on “The Vitamin Requirements of Insects.” Dr. F. 
G. Holdaway, Entomologist, Agricultural Experi- 
ment Station of Honolulu, Hawaii, gave a talk dur- 
ing the second general session on ““The Major Eco- 
nomic Pests of the Hawaiian Islands.” 


Business Session 


Report oF COMMITTEE 
ON RESOLUTIONS 


Wueregas the North Central States Branch of 
the American Association of Economic Entomolo- 


gists has just completed another excellent annual 
meeting, therefore 

Be Ir Resoiven that we express our appreciation 
to the local Committee on Arrangements (consisting 
of H. M. Harris, H. L. Chada, Harold Gunderson, 
Ephriam Hixson and C. H. Richardson); the Pro- 
gram Committee (consisting of R. C. Smith, G. E. 
Gould and J. H. Lilly); and the officers of the North 
Central States Branch for their efforts in behalf of 
the successful meetings. 

Wuereas the facilities made available for the 
meetings by the Hotel Fort Des Moines and the ef- 
forts of the hotel management to meet our needs 
have contributed much to the success of our meet- 
ings, therefore 

Be Ir Resotven that we express to the manage- 
ment our appreciation. 

Wuereas we have had the unusual and valuable 
experience of having addresses from three entomolo- 
gists of renown from without continental United 
States who have contributed much to the success of 
our meetings, therefore 

Be Ir Resotvep that we express our appreciation 
to 

Dr. G. Fraenkel, of the Imperial College of Science 
and Technology, London, England; 

Dr. B. P. Uvarov, Director of Anti-Locust Re- 
search, Research Centre, London, England; and 

Dr. F. G. Holdaway, Entomologist at the Agricul- 
tural Experiment Station of Hawaii, Honolulu. 

Wuereas the attendance at Branch Meetings by 
the President of the Parent Association is of direct 
benefit to both the Association and its Branches, 
therefore 

Be Ir Resotvep that the American Association 
of Economic Entomologists be commended on the 
recent adoption of this practice, 
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Wuereas the Pest Survey publications prior to 
the war were of material aid to the entomologists 
throughout the country, therefore 

Be Ir Resotvep that the Bureau of Entomology 
and Plant Quarantine be requested to resume the 
monthly publication with more detailed reports as 
was done prior to World War II. The importance of 
this service would justify the expenditure of addi- 
tional funds if necessary. 

WuEREAS confusion sometimes exists among con- 
sumers, retailers, manufacturers, and research or- 
ganizations regarding recommendations for proper 
usage of insecticides, therefore 

Br It Resoivep that the membership of this or- 
ganization, as individuals and groups, make special 
efforts to issue recommendations which are as uni- 
form as practical for the uses of insecticides during 
an approaching season at earlier dates than have 
predominated in the past. 

Wuenreas H. R. 1237 known as “Federal Insecti- 
cide, Fungicide and Rodenticide Act” now under 
consideration by Congress is much needed legislation 
and has been agreed upon by industry and responsi- 
ble officials, therefore 

Be Ir Resotvep that the North Central States 
Branch of the American Association of Economic 
Entomologists, request its early enactment. 

Wuereas properly etm charts and lantern 
slides can be helpful in presenting data and, 

WueErEAs members at meetings of the North Cen- 
tral States Branch as well as those of the parent As- 
sociation, are still utilizing visual aid materials far 
below acceptable standards, therefore 

Be Ir Resouvep that the program committee be 
authorized to set up standards for all such materials 
similar to those outlined by M. P. Jones in the paper 
entitled, ‘Use of Illustrative Material in Presenting 
Subject Matter,” or any other standards it may 
deem proper, and request speakers using such aids 
to conform to these requirements. 

Be Ir Furtarr Reso.vep that as a means of 
stimulating interest in the use of visual material, the 
program committee consider some arrangement 
whereby a selection of black and white prints, color 
prints and color transparencies on entomological 
subjects could be collected from the membership for 
exhibition in conjunction with the annual meeting of 
the North Central States Branch. 

Signed: G. M. List, Chairman 
H. G. InGEerson 
L. F. Sterner 
R. H. Davipson 
E. H. Fisner 


TREASURER’S REPORT 
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Report oF AUDITING COMMITTEE 


Treasurer’s report examined and approved by 
Wiiuam P. Hayes 
GrorcE C. DECKER 


Recorder for 1947 
R. A. Blanchard, Urbana, Illinois, was appointed 
Recorder to prepare a record of the proceedings of 
the 1947 meeting for proper distribution. 


Committee to Revise the Branch Constitution 
The following committee was appointed to revise 
our new constitution: George C. Decker, Chairman, 
Ray Hutson, and John Lilly. 


Committee on 1948 Meeting Place 
To the executive Committee was assigned the 
tesk of arranging for the time and place for the 1948 
meeting. 
Committee to Select Officers 


The membership selected G. C. Decker, C. J. 
Weinman, and C. W. Kearns as a committee to select 
new officers for the Branch. This committee of three 
selected the following officers for 1947: President, 
H. M. Harris; Vice President, P. O. Ritcher; Secre- 
tary-Treasurer, J. W. Apple. 


The following persons registered during the 1947 
meeting: 


ARKANSAS 

Miner, F. D. 

CoLoRADO 
Daniels, Leslie B. McCauley, W. E. 
Compton, C. C. Mickle, Gordon T. 
Hoerner, John L. Newton, J. H. 
List, George M. Wakeland, Claude 

CoNNECTICUT 
Glass, Edward H. Gleissner, Bruce D. 
Tate, H. Douglas 
DELAWARE 


Woodbury, E. N. 


ILLINOIS 
Apple, J. W. Ferguson, William 
Benbeie, John F. Hayes, William P. 
Bevernick, A. W. Johnson, Donald Ross 
Bigger, J. H. Kearns, C. W 
Blanchard, R. A. Lewis, David P. 
Brower, D. G. Ludvik, George F. 
Bruce, W. N. March, Ralph B. 
Bussart, J. E. Paullus, J. H. 
Chandler, S. C. Petty, H. B. 


Piesbergen, N. 
Weinman, Carl J. 
Wright, J. M. 


Dahm, Paul A. 
Decker, George C. 
Dickison, William 


INDIANA 
Davis, J. J. Steiner, L. F. 
Fahey, Jack E. Thomas. E. L. 


Ulman, P. T. 
Vance, Arlo M. 
Walter, E. V. 


Gould, George E.  __ 
Krausche, Kenneth K. 
Schlosberg, Morris 


Iowa 
Chada, Harvey L. 


a Ge 
Anderson, A Doty, L. W. 


Barakat, John S. 
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Du Chanois, Francis 
Robert 
Gunderson, Harold 
Hagen, Vern S. 
Hardy, D. Elmo 
Harris, H. M. 
Hollenbeck, Carlos 
Keshlear, Barr 
Knight, H. H. 


Bartholomae, C. W. 
Butcher, Fred D. 
Cotton, R. T. 
Frankenfeld, J. C. 
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McGuire, Judson U., Jr. 
Paddock, F. B. 

Park, O. W. 

Reed, John K. 

Reindl, R. G. 

Rorman, Wayne D. 
Sharp, S. S. 

Tauber, O. E. 

Wilson, Elmer L. 


Kansas 


Goodhue, Lyle D. 
Hungerford, H. B. 
Parker, R. L. 
Smith, Roger C. 


Walkden, H. H. 


KENTUCKY 


Price, W. A. 


Ritcher, Paul O. 


MARYLAND 


Cory, Ernest N. 
Haeussler, G. J. 


Poos, F. W. 
Reed, L. B. 


Sasscer, E. R. 


MIcHIGAN 


Dieter, Curtis E. 
Gerlach, Charles F. 


Ingerson, H. G. 
Kenaga, E. E. 


Graham, S. A. Sherman, Franklin III 
MINNESOTA 
Aamodt, T. L. Harris, H. H. 


Ali, Mir Hamedi 
Benjamin, D. M. 
Butcher, James W. 
Buzicky, Albert W. 


Hodson, A. C. 

Kretzschmar, Ger- 
hard, P. 

Mickel, Clarence E. 


Doner, M. H. Tsao, C.H 
Granovsky, A. A. Yao, K. 
MISSISSIPPI 


Lyle, Clay 


Adams, Lloyd E. 
Beaver, Bernard F. 
Becker, Edward C. 
Broadus, Edward P. 
Brooks, J. W. 
Brower, Hollis H. 
Cuff, Ray L. 

Evans, Sterling 
Hyry, Edmund C. 


Missouri 


Jenkins, Lee 

Jones, George D. 
Magner, J. Marshall 
Nelson, Paul A. 
Portman, Roland W. 
Stone, Dr. P. C. 
Swisher, E. M. 
Thomas, George W. 
Wakeman, Robert I. 


NEBRASKA 


Fuxa, Ray 
Hill, Roscoe E. 


Hixson, Epkriam 
Muma, Martin H. 


New HaAmpsHIRE 
Farrar, M. D. 
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New JERSEY 
Driggers, B. F. Heal, Ralph E. 
Ferguson, George R. Matthysse, John G. 
Osmun, John V. 


New York 
Harris, C.S. 
Sanders, J. G. 
Weed, Alfred 
West, Harry 


Adams, J. F. 
Darley, M. M. 
Griffin, Robert H. 


Nortu Daxota 
Post, Richard L. 


OnIO 

Everly, Ray T. 
Houser, J. S. 
Milliron, H. E. 
Parker, D. E. 
Parks, T. H. 
Peter, Kaspas 
Sutton, Robert 


Munro, J. A. 


Arbuthnot, K. D. 
Batchelder, C. H. 
Bradley, William G. 
Brunn, Lynn K. 
Cutright, C. R. 
Davidson, Ralph H. 
Dicke, F. F. 


OKLAHOMA 
Whitehead, F. E. 


PENNSYLVANIA 


Dietz, Harry F. Johnson, Martin F. 


TENNESSEE 
Stanley, W. W. 


West Vircinia 
Cooper, James F. 


WISscoNsIN 
Bess, Henry A. Fluke, B. C. 
Carroll, Francis E. Fluke, C. L. 
Chamberlin, T. R. Kido, G. S. 
Chambers, E. L. Lilly, J. H. 


Medler, John T. 
Mettler, Fred 
Olson, Ken 


Chapman, R. K. 
Dexheimer, F. J. 
Fisher, E. H. 


WYomING 


Denning, D. G. Titensor, Claine E. 


Wasuineoton, D.C. 


Bishopp, F. C. Jones, M. P. 
Haller, H. L. Packard, C. M. 
Porter, B. A. 
Lonpon, ENGLAND 
Uvarov, B. P. Fraenkel, G. 


Hono.vuivu, Hawau 
Ho.tpaway, F. G. 


J. W. Apple, Secretary- Treasurer 








